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157] ABSTRACT

A method for driving a liquid display having at least
two groups of common electrodes intersecting a respec-
tive two groups of segment electrodes to form a display
dot at every intersection is provided. Each group of
common electrodes is simultaneously sequentially
scanned in order. A voltage is applied to display dots
formed and at least one common electrode positioned
on an end portion of each segment electrode which 1s
different than the voltage applied to the common elec-
trodes positioned at the remaining portions of the seg-
ment electrodes.
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CIRCUIT FOR DRIVING A LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD FOR DRIVING
SAME

This 1S a continuation of application Ser. No.
07/456,123 filed Dec. 22, 1989, now abandoned which
is a continuation application of Ser. No. 07/232,750
filed on Aug. 15, 1988, now U.S. Pat. No. 5,010,326.

" BACKGROUND OF THE INVENTION

The present invention relates to a method for driving
a hquid crystal display device, and 1n particular, to a
method for driving a dot matrix liguid crystal display
device.

Matrix liquid crystal displays are known in the art.
Reference is made to FIGS. 1 through 3 in which a

10

15

conventional matrix liquid crystal display is provided.

A liquid crystal panel generally indicated as 1 1s com-
posed of a liquid crystal layer §, a first substrate 2 and a
second substrate 3 for sandwiching the liquid crystal
layer § therebetween. A plurality of common electrodes
Y1 through Y6 are oriented on substrate 2 in the hori-
zontal direction and a plurality of segment electrodes
X1 through X6 are formed on substrate 3 in substan-
tially the vertical direction to form a matrix. Each inter-
section of common electrodes Y1 through Y6 and seg-
ment electrodes X1 through X6 forms a display dot 7.
Display dots 7 marked by the hatching indicate an ON
state, and the blank dots 7 indicate an OFF state. The
dot structure of liquid crystal panel 1 is limited to a six
by six matrix for simplicity however, in exemplary em-
bodiments the number of dots of liquid crystal panel 1
may be much greater.

The voltage standard method is conventionally used

for driving the prior art matrix hquid crystal display
device. A selected voltage or non-selected voltage is
sequentially applied to each of common electrodes Y1
through Y6. The period required to apply the succes-
sive selected voltage or non-selected voltage to all the
common electrodes Y1 to Y6 is one frame.

Simultaneous to the successive application of the
selected voltage or non-selected voltage to each com-
mon electrodes Y1 through Y6, an ON voltage or OFF
voltage is applied to each segment electrode X1
through X6. Accordingly, to turn a display dot 7, the
~area in which one common electrode intersects one
segment electrode, to the ON state, an ON voltage 1s
applied to a desired segment electrode when the com-
mon electrode is selected by providing a selected volt-
age to the desired common electrode. Similarly if the
display dot is turned OFF, the OFF voltage is applied
to the destred segment electrode.

Reference is now also made to FIGS. 2 and 3 in
which examples of the actual driving waveforms (wave-
form of the applied voltage) applied at the electrodes
are provided. FIG. 2A shows the segment voltage
waveform applied to segment electrode XS$ over time.
FIG. 2B shows the common electrode waveform ap-
plied to common electrode Y3 over time. FIG. 2C
shows the voltage waveform applied for producing the
ON state at display dot 8, the intersection of segment
electrode XS and common electrode Y3.

FIG. 3A shows the segment voltage waveform ap-
plied to segment electrode X5 over time. FIG. 3B
shows the common voltage waveform applied to com-
mon electrode Y4 over time. FIG. 3C shows the volt-
age waveform applied to the display dot at the intersec-
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tion of segment electrode XS and common electrode Y4

to produce the OFF state.
In FIGS. 2 and 3, F1 and F2 indicate the frame per-

10d.

During frame period F1,
selected voltage = V{0,
ON voltage = V5,

During frame peniod F2,
selected voltage = V35,

ON voltage = V0,

non-selected voltage = V4
OFF voltage = V3

non-selected voltage = V1
OFF voltage = V2,

wherein;
W—N=Vi—-N=V
Vi—Va=V4 V5=V

W—V5=nV

(n is a constant).

" Accordingly, by changing the polarity of the voltage
which is applied to display dots 7 during frame periods
F1 and F2, alternating driving is accomplished. It fol-
lows that whether the display dot 7 1s ON or OFF

depends on whether the ON voltage or OFF voltage 1s

applied to the desired segment electrode when the se-

lected voltage is applied to the intersecting common
electrode corresponding to the desired display dot. This
driving method is the voltage standard means used in
the prior art.

The prior art structure and driving method has been
less than satisfactory. When matrix liquid crystal dis-
play 1 is driven by the above conventional voltage
standard method, the uniform rectangular waveforms
illustrated in FIGS. 2 and 3 are not actually applied to
display dots 7. Distortions in the applied waveforms
occur. A first reason for the distortion is that each dis-
play dot 7 has an inherent electrical capacity based on
the area of each dot 7, the thickness of the liquid crystal
layers, the dielectric constant of the liquid crystal mate-
rials and so on. Secondly, both the common electrode
and segment electrode are formed of a transparent con-
ductive film having a surface resistance of about several
tens of ohms as well as fixed electrical resistance. There-
fore, even if the uniform rectangular waveforms as
shown in FIGS. 2 and 3 are applied by the driving
circuit, the waveform which is actually applied to the
display dots becomes deformed and cross talk results.
As a result, it becomes necessary to generate the differ-
ence of the effective voltage of the waveform which 1s
applied to each display dot, resulting in the generation
of contrast cross talk.

Observation has demonstrated that deformation of
the voltage waveform being applied to the display dots
occurs based upon relationship dependent on the pat-
tern of the characters or drawings which is displayed by
the liquid crystal display device. Secondly, the change
of the effective voltage based on the deformation of the
voltage waveform which 1s applied to the display dots
causes the contrast crosstalk. |

1. The first mode (zebra crosstalk)

Reference is now made to FIGS. 1, 4, 5, and 6A
through 6C wherein zebra crosstalk is depicted. For
simplicity of explanation, the common electrodes Y1
through Y6 are sequentially selected from the first com-
mon electrode Y1 to the sixth common electrode Y6,
again returning to the first common electrode Y1. Addi-
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tionally, hqud crystal panel 1 is a positive display
wherein the greater the effective voltage applied to the
display dots 7, the darker the display dot. A scale is
provided in FIG. 4 to indicate relative darkness. This
type of display is used for each explanation unless other-
wise indicated.

If the display of FIG. 1 is desired and the inputs of
FIGS. 2 and 3 are provided, the crosstalk of the display
contrast as shown in FIG. 4 actually occurs in the liquid
crystal display device 1. As can be seen, segment elec-
trodes X1 through X4 receive identical inputs. The
segment voltage waveform at the display dots portion
of segment electrodes X1 through X4 is shown in FIG.
SA, the common voltage waveform applied at the dis-
play dot portion of the common electrode Y3 is shown
in FIG. §B. The voltage waveform applied at the dis-
play dots located at the intersections of segment elec-
trodes X1 through X4 and common electrode Y3 is
shown in FIG. §C. The voltage waveforms applied to
the four display dots will differ from each other slightly.
However, this slight difference can be ignored here.

A spike shaped deformation of the voltage waveform
occurs at the non-selected voltage level of the common
voltage waveform as shown in FIG. 5B. The relation-
ship between the direction and the size of the spike
shaped voltage and the display pattern is as follows.
Generally, when the selection of the successive com-
mon ¢electrode moves from the nth common electrode
to the (n+ 1)th common electrode, the number of seg-
ment electrodes to which the ON voltage is succes-
sively added is a, the number of segment electrodes to
which the OFF voltage is successively applied is b, the
number of segment electrodes to which a voltage is
applied by switching from the ON voltage to OFF
voltage 1s ¢ and the number of segment electrodes to
which the voltage is added by switching from the OFF
voltage to ON voltage is d. The number of ON dots 7
on the nth common electrode is Noy. The number of
OFF dots 7 on the nth common electrode 1s NogrF and
the number of ON dots 7 on the (n+ 1)th common elec-
trode is Moy while the number OFF dots on the
(n+ 1)th common electrode is Mogr. The relationship
between the segmented electrodes and common elec-
trodes 1s as follows:

Non=a+ ¢ Nopp=b+ d
Mon=a+4+d Morpr=b+ ¢

Non + Norr = MoN + Morr = K

K is a constant and equal to the total number display
dots on cach common electrode Y.
A value of I equal to the difference in ON dots be-

tween successive segment electrodes is defined as fol-
lows:

I =c¢c—4d
= NoNn — Mon,

so, when the value of I is negative, the direction of the
spike shaped voltage is in the direction of the ON volt-
age. On the other hand, where the value of 1 is positive,
the direction of the spiked shaped voltage is in the di-
rection of the OFF voltage. The size of the spike in-
creases in accordance with the absolute value of 1.

In other words, when the number d of segment elec-
trodes in which the applied voltage switches from the
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OFF voltage to ON voltage is larger than the number ¢
of segment electrodes in which the apphied voltage
switches from the ON voltages to OFF voltage, the
spike shaped voltage occurs on the common voltage
waveform in the direction of the ON voltage. In con-
trast thereto, when the sign of I, which is the difference
between ¢ and d, changes the spike shaped voltage
occurs in the direction of the OFF voltage. Addition-
ally, the value of the spike shaped voltage corresponds
to the absolute value of 1.

As shown in FIGS. 5SA and 5B, when the relationship
between the change of the segment voltage waveform
and the direction of the spike shaped voltage of the
common voltage waveform on the non-selected voltage
are in-phase, a rounded corner occurs in the voltage
waveform of the voltage applied at the display dots
(FIG. 5C). The longer the in-phase period, the smaller
the effective voltage value of the applied waveform,
resulting in the displayed color becoming very light.

Reference i1s now made to FIG. 6 which illustrates
the change of the segment voltage waveform and the
direction of the spike on the common voltage waveform
when the waveforms are out of phase. FIG. 6A shows
the segment voltage waveform applied at the display
dot portion of the segment electrode X8 of display 10.
FIG. 6B shows the common voltage waveform apphed
at the display dot 7 portion of the common electrode
Y3. FIG. 6C shows the combined voltage waveform
which 1s applied to the display dot at the intersection of
segment electrode X$§ and common electrode Y3. As
shown, where the relationship between the change in
the segment voltage waveform (FIG. 6A) and the direc-
tion of the spike shaped voltage of the common voltage
waveform of the non-selected voltage (FIG. 6B) are out
of phase, a spike shaped voltage is generated in the
combined voltage waveform applied to the display dots
7 (FIG. 6B), thereby increasing the effective value of
the applied voltage. The longer the out of phase period,
the larger the effective value, resulting in a darkening of
the displayed color. Therefore, display dots 7 on seg-
ment electrodes X1 to X4 become light, and the display
dots on the segment electrode X8 become dark regard-
less of the applied ON state or OFF state voltages. The
darkness of display dots 7 on segment electrode X6
become a color of intermediate degree between the
above on segment electrodes X1 to X4 and those on X8.

2. The second mode (horizontal crosstalk)

Reference 1s now made to FIGS. 7 through 10 in
which a desired pattern is illustrated. FIG. 7 illustrates
a display 11 on which a horizontal crosstalk pattern is
displayed. Display 11 is the same as liquid crystal panel
1. The actual contrast crosstalk generated by display 11
is shown by display 12 of FIG. 8.

Display dot 7 acts as a capacitor. The capacity of this
capacitor has a different value in the ON state than in
the OFF state. The value of the capacitance in the ON
state 1s larger than the capacitance in the OFF state.
This occurs because the liquid crystal § acts as an aniso-
tropic dielectric and the resulting alignment change
occurs between the ON state and OFF state. Accord-
ingly, the capacitance of all dots 7 on common elec-
trode Y2 having many ON dots 13 is larger than that on
common electrode Y4 having a few ON dots 13. Since
common electrodes have the same circuit resistance, the
rounded waveform generated in the voltage waveform
of common electrode Y2 becomes larger.



5,298,914

S

FIG. 9A shows the segment voltage waveform over
time applied at the display dot portion on the segment
electrode X1 of display 11. FIG. 10B shows the com-
mon electrode waveform over time applied at the dis-
play dot portion on the common electrode Y2. FIG. 9C
shows the combined voltage waveform over time ap-
plied to dot 7 at the intersection of segment electrode
X1 and common electrode Y2.

FIG. 10A shows the segment voltage waveform over
time applied at the display dot portion on the segment
electrode X1 of display 11. FIG. 10B shows the com-
mon voltage waveform over time applied at the display
dot portion on the common electrode Y4. FIG. 10C
shows the combined voltage waveform over time
which is applied to the dot at the intersection of seg-
ment electrode X1 and common electrode Y4.

As can be seen from a comparison of FIG. 9B and '

FIG. 10B, the waveform of common electrode Y2
which has many ON dots is more rounded when a
change from the non-selected voltage to selected volt-
age occurs. This area is marked by the hatched area. As
can be seen by comparing FIG. 9C with FIG. 10C the
voltage effective value of the waveform which is ap-
plied to dots 13 on common electrode Y2 also decreases

by the hatched area. Accordingly, the color produced
at each display dot 7 of common electrode Y2 having
many ON dots 13 becomes very light. Thus, if the num-
ber of ON dots on each common electrode 1s repre-
sented by Z, the larger the value of Z of the common
electrode, the lighter the displayed color.

3. The third mode (vertical crosstalk)

Reference is now made to FIGS. 12 through 17C in
which vertical crosstalk is illustrated. The pattern of
display 14 is actually displayed a display 15 due to verti-
cal crosstalk. the segment voltage waveform applied at
the display dot portion on segment electrode X6 is
shown in FIG. 13A. The common voltage waveform
applied to the display dot portion on the common elec-
trode Y2 is shown in FIG. 13B. The combined voltage
waveform which is applied at the display dot at the
intersection of segment electrode X6 and common elec-
trode Y2 ts shown in FIG. 13C. Further, FIGS. 14A
through 14C show each voltage waveform on segment
electrode X5 and common electrode Y2 and the voitage
waveforms which are combined to form the actual
waveform at the display dot at the intersection of seg-
ment electrode X5 and common electrode Y2.

A second example of vertical crosstalk is now de-
scribed. The segment voltage waveform applied at the
display dot portion of segment electrode X6 is shown in
FIG. 17A. A desired pattern is input to produce the
pattern on display 15. However, due to vertical cross-
talk a pattern such as that of display 16 results. The
common voltage waveform applied at the display dot
portion of common electrode Y3 is shown in FIG. 17B.
FIG. 17C shows the combined voltage waveform
which is applied to the display dot at the intersection of
segment electrode X6 and common electrode Y3. Simi-
larly, FIGS. 18A through 18C show each voltage
waveform applied at segment electrode XS, common
electrode Y2 and the combined voltage waveform ap-
plied at display dot 7 at the intersection of segment
electrode X5 and common electrode Y2.

The non-selected voltage level of the common volt-
age waveform during the displaying of the pattern of
display 14 having many ON dots varies in the ON volt-
age direction as shown in FIG. 13B. Conversely, the
non-selected voltage level of the common voltage
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waveform of display 15 having few ON dots varies in
the OFF voltage direction as shown in FIG. 17B.

Where there are many ON dots, the variation is
caused because each of common electrodes Y1 through
Y6 is electrically connected to the segment electrode to
which the ON voltage is applied through the condenser
of display dots to a greater extent than to the segment
electrode to which the OFF voltage is applied. The
reason for this phenomenon is unclear, but it may occur
due to a lack of sufficient output impedance of the
power circuit relative to the load of the liquid crystal
panel. The relationship for the generated voltage shift is
described below.

For all display dots 7 of displays 14 and 15 T 1s the
number of ON dots and L is the number of OFF dots. A
value T’ is defined as T'=T —L when T" is positive, the
non-selected voltage level varies in the ON voltage
direction. On the other hand, when T’ is negative the
non-selected voltage level varies in the OFF voltage
direction. The size of the variation increases in accor-
dance with the absolute value of T'.

Where the pattern includes many ON dots 13 as
shown in display 14, the difference between the OFF
voltage and the non-selected voltage becomes large and
the difference between the ON voltage and the non-
selected voltage becomes small. Therefore, comparing
the voltage waveform (FIG. 14A) which 1s added to
display dots 7 on segment electrode X5 of display 135
(FIG. 12) having no ON dot 13, with the voltage wave-
form FIG. 13A which is added to display dots 7 on
segment electrode X6 having ON dot 13, illustrates that
the effective combined voltage which is applied to dis-
play dot 7 on the segment electrode X85 is larger for the
portion marked by the hatched area (FIG. 14C),
thereby making the display dots on the segment elec-
trode X5 dark when they should be blank.

Similarly, where the display has few ON dots 13 such
as display 15, the difference between the ON voltage
and the non-selected voltage becomes large, and the
difference between the OFF wvoltage and the non-
selected voltage becomes small. Therefore, comparing
the voltage waveform which is provided to display dots
7 by segment electrode X6 including ON dot 13, and the
voltage waveform which is provided to display dots 7
on the segment electrode X5 having no ON dot 13, the
effective voltage which is provided to the display dots
on the segment electrode X6 is larger than that of elec-
trode X5 for the period marked by the hatched area
(FIG. 17C) resulting in a dark display dot on segment
electrode X6.

4. The fourth mode (inversion crosstalk)

Reference is made to FIGS. 18 through 21 in which
inversion crosstalk is illustrated. A desired pattern 1s
input to a display 17 (FIG. 19), but i1n reality appears as
the pattern on a display 18 (FIG. 20) due to inversion
crosstalk. FIG. 21A shows a segment voltage wave-
form provided at the display dot portion on segment
electrode X6. FIG. 21B shows a common voltage
waveform provided at the display dot portion on com-
mon electrode Y2. FIG. 21C shows a combined voltage
waveform which is provided to display dot 7 at the
intersection of segment electrode X6 and the common
electrode Y2. FIG. 22 shows the combined voltage
waveform provided to display dot 7 at the intersection
of segment electrode X5 and common electrode Y2.

Reference is now made to FIGS. 23 through 26
wherein a second example of inversion crosstalk 1s pro-
vided. A pattern is input to appear as display 20 (FIG.
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23), but 1n reality appears as the pattern of display 19
(FIG. 24) due to inversion crosstalk. FIG. 25A shows a
segment voltage waveform provided at the display dot
portion of segment electrode Y6. FIG. 25B shows a
common voltage waveform provided at the display dot
portion of common electrode Y2. FIG. 25C shows the
combined voltage waveform which is provided at dis-
play dot 7 at the intersection of segment electrode X6
and common electrode Y2. FIG. 26 shows a combined
voltage waveform provided by electrodes Y2 and X5 to
display dot 7 at the intersection of segment electrode X5
and common electrode Y2.

The time period of switching between frame periods,
1.e. before or after the switching from F1 to F2 of FIG.
21 and FIG. 25 is known as the inversion. As shown in
FIG. 19 when the number of segment electrodes in
which the voltage applied to the segment electrode is an
ON voltage before and after the inversion (only the 6th
segment electrode X6 in FIG. 19) is less than the num-
ber of segment electrodes in which the voltage applied
to the segment electrode is an OFF voltage before and
after the inversion (the five segment electrodes X1 to
XS5 in F1G. 19), a rounded waveform is as shown in
FI1G. 21B occurs at the time of inversion.

Therefore, when the pattern as shown in FIG. 19 is
displayed, the rounded waveform occurs in the com-
mon voltage waveform as shown in FIG. 21B at the
time of inversion.

Simultaneously, the voltage waveform applied to the
segment electrode X6 (FIG. 21A) applied to display
dots 7 on segment electrode X6 for changing from an
ON voltage to an ON voltage before and after the in-
version, generates a spike shaped voltage as shown in
FIG. 21C, thereby increasing the effective voltage mak-
ing the display dark. On the other hand, for the voltage
waveform which is applied to display dots 7 of segment
electrodes X1 through X$ for changing from an OFF
voltage to an OFF voltage before and after the inver-
sion, the rounded portion of the waveform as shown in
FIG. 22 occurs, thereby decreasing the effective volt-
age, thus hightening the display.

Conversely 1n display 20 (FIG. 23) the spike shaped
voltage 1s generated in the common voltage waveform
as shown in FIG. 25B at the time of inversion. Simulta-
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ON voltage to an OFF voltage before and after the
inverston, a rounded section (FIG. 25C) is generated in
the voltage waveform which is applied to display dots 7
on segment electrodes X1, X2, X3, X4 and X6, thereby
decreasing the effective voltage and further lightening
the displayed color. Additionally, when the voltage
applied to the display dots on the segment electrode X5,
switches from an OFF voltage to an OFF voltage be-
fore and after the inversion, a spike shaped voltage
(FIG. 26) is generated thereby increasing the effective
voltage, darkening the displayed color.

The above relationship is defined as follows. The
number of segment electrodes switching from an ON
voltage to an ON voltage at the time of inversion is a.
The number of segment electrodes switching from an
OFF voltage to an OFF voltage at the time of inversion
1s b. The number of segment electrodes for switching
from an ON voltage to an OFF voltage is c. The num-
ber of segment electrodes for switching from an OFF to
an ON voltage is d. Further, the number of ON dots on
the common electrode (Y6, FIGS. 19 and 23) which is
selected just before the inversion is NON and the num-
ber of OFF dots on the common electrode is NOFF
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while the number of ON dots on the common electrode
(Y1, FIGS. 19 and 23) which 1s selected just after the
inversion is Moy and the number of OFF dots on the
common electrode is Morr.

Non=a+ ¢ Norpp=b+d
Mon=a+d Morr=b+ ¢

NoN + Norr = MoNn + Morr= K

K is a constant representing the number of display dots
on each common electrode. Wherein,

F =a—b5
= NoN — MOFF
= Nony + Mon — K.

If the value of F is negative, at the time of the inversion,
the rounded waveform occurs when the non-selected
voltage changes on the common electrode. Conversely,
if the value of F is positive, the spike shaped voltage
occurs in the direction of the ON voltage. The value the
applied voltage increases in accordance with the abso-
lute value of F. This introduces the display crosstalk as
mentioned above.

The general crosstalk problem has been well known
in the art. A method for correcting crosstalk is also
known in the art and is illustrated in Japanese Laid-open
patent Nos. 31825/87, 19195/85 and 19196/85. The
method consists of reversing the polarity of the voltage
which 1s applied to the liquid crystal panel a predeter-
mined number of times per frame. This method is
known as the line reverse driving method.

However, this method has been less than satisfactory.
The line reverse driving method corrects only one
mode of crosstalk (zebra crosstalk) of the plurality of
cross talkmodes. As mentioned above, there are four
modes of crosstalk in the display relating to the mecha-
nism which arise due to changes of the voltage wave-
form. Accordingly, the cross talk of the display contrast
1s not completely removed.

Another dot matrix display device known in the prior
art has a plurality of groups of common electrodes as
well as a respective plurality of groups of intersecting
segment electrodes. As in the single electrode group
embodiment discussed above, the common electrodes
of each group are sequentially scanned and a voltage is
applied at the intersections of the common electrodes
and segment electrodes to form a display dot.

Reference is now made to FIG. 80 wherein an exam-
ple of such a prior art matrix device, generally indicated
as 700, having two groups of segment electrodes 706,
708 and two groups of common electrodes 702, 704 is
provided. The common electrodes are positioned in
order and are divided into two distinct groups the first
group 702 including common electrodes Y; through Y,
and the second group of common electrodes 704 con-
sisting of electrodes Y’ through Y,'. A plurality of
segment electrodes is also divided into two groups, the
first group 708 including segment electrodes X through
Xm and the second group of electrodes 706 including
segment electrodes X' through X,, ' intersecting with
the respective common electrodes of the first and sec-
ond groups 702, 704. The common electrodes of each
group are connected to each other in pairs of two so
that each group is simultaneously sequentially scanned,



5,298,914

9

i.e. common electrodes Y and Y’ are scanned simulta-
neously.

The prior art display matrix has been satisfactory.
However, the display provided results in display dots
on the common electrodes positioned on opposite ends
of each segment electrode which differ in display den-
sity from display dots located intermediate the ends of
the segment electrodes. For example, displayed dots
formed on common electrodes Y through Y,—-1 and
common electrodes Y3’ through Y,_1’ which are posi-
tioned at intermediate portions of each segment elec-
trodes X; through X;, and X, through X,,', respec-
tively have a uniform appearance of a substantially
predetermined display density. However, a display dot
formed on common electrode Y corresponding to an
end portion of each segment electrode is less dense and
a display dot formed on common electrode Y, is more
dense. Similarly, a dot formed on common electrode Y1’
is less dense than the intermediate display dots while a
display dot formed on common electrode Y,  1s more
dense. In particular, the display dots formed on com-
mon electrodes Y, and Y’ which are adjacent each
other are strikingly uneven in density and therefor ap-
pear to have a large difference in shade thus appearing
as a linear unevenness within the display.

The difference in display dot density at opposite ends
of each segment electrode i1s generally caused due to
capacitor type behavior within the display. The elec-
trode intersections may be regarded as a capacitor hav-
ing a predetermined capacity and display points along
segment electrodes X; and X’ may be defined as the
equivalent circuit shown in FIG. 81. A display dot at an
intersection of common electrodes Y; and Y’ are de-
noted as d; through d, and d;’ through d,' respectively.
A r and A ' denote resistances along the segment elec-
trodes X and X' between adjacent common electrodes
and have a value of several tens of ) to several ). | ri
and b ri’ denote resistances of the common electrodes
between respective voltage supplies E and E’ and the
first segment electrodes X; and X' for respective com-
mon electrodes Y and Y,’ which have a value of sev-
eral hundred €} to several tens of K (). r; and 13’ corre-
spond to the resistances of segment electrodes X; and
X1’ between common electrodes Y through Y,and Yy’
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follows:

m=nx hr

rn'=n"X ‘ r
Accordingly,

rl Q))lr

ry's rz'>>‘ r

Assuming, that all display dots d; through d, of seg-
ment electrode Xjand all display dots dy’ through d, of
segment electrode X1 are illuminated regardless of the
display pattern, and that common electrode Y is first
selected, a selective voltage is applied to common elec-
trode Y from voltage supply E and a voltage is input on
display dot d; through resistance r; to form an illumi-
nated display dot. Then, when common electrode Yiis
selected, common electrode Y is selected concurrently
therewith and an illuminated voltage 1s input at segment
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electrode Y. Selected voltages are then similarly ap-
plied on common electrodes Y3 through Yp and an iilu-
minating voltage is applied to the segment electrode X
corresponding to display dot d3 through d,. The selec-
tion process is again repeated in order beginning with
common electrode Y. Display dots d;’ through d, on
segment electrode Y’ are similarly illuminated.

When common electrode Y, has been selected, as
shown for example in FIG. 82, a charge C(n—1)V 1s
discharged, where C represents the capacity of the
display dot, V represents the difference between a non-
selected voltage and a non-illuminating voltage and V
represents a difference between the selected voltage and
an illuminating voltage. However, the next scanning
voltage applied at segment electrode X3 is concurrently
selected, therefore, the charge is absorbed in the display
di. In such an occurrence, a charge flows through resis-
tance | r. However, since the resistance value is suffi-
ciently small, the discharge and absorption are
smoothly carried out, a distortion does not occur within
the voltage waveform and the effective value remains
unchanged. The common electrodes Y3 through Y,
are then sequentially selected in order. Accordingly,
discharge and absorption of the charge are smoothly
carried out through display dots d; through d,—1 and
the display density has a substantially predetermined
uniform appearance. Display dots da' through d,—1’ of
common electrode Yy’ through Y, 1" are illuminated in
a similar manner.

However, when common electrodes Y,and Y, have
been selected and common electrodes Y and Y’ are
next selected since the display dots d,+1 and d,+1" do
not exist to follow after the display dots d, and d,’, the
charge flowing from display dots d, and d,’ must flow
back to display dots d; through resistances r2 and r2'".
However, resistances r; and ry’' are high enough that
they can not be neglected and therefore the charge 1s
not smoothly discharged and is rather stored at display
dots d,, and d,’ over a long period of time. As a resuit,
the effective voltage becomes higher and the display
density for display dot d, and d, becomes relatively
high in comparison with the intermediate display dots.

On the other hand, when first display dots d; and dy’
are selected on common electrodes Y; and Y;  no
charge is absorbed from a previous display dot. Addi-
tionally, as described above when common electrodes
Y; and Yy’ are selected after the selection of common
electrodes Y, and Y,' they do not absorb the charge
from display dot d, and d,’ due to the high resistances
r» and ry’. Accordingly, less of a charge 1s stored at
display dots d; and dy’ providing a relatively less dense
display.

Display dots d, and d;’ of common electrode Y, and
Y are disposed a distance from the voltage supply E
and E'. Therefore, the shade unevenness becomes obvi-
ous. However, because charge and discharge are ef-
fected from the voltage supplied through respective
resistances rj and ry’, the shade unevenness is minimized
at display dot d; and d,’ on common electrode Y) and
Y,'. Thus, density of display dot dj and dn, dy" and d,’
on common electrodes Y; and Y,, Yi and Y, posi-
tioned at opposite ends of given segment electrodes X
and X' is different from that of other display dot d
through d,_1 and dy’ through d,_1". This also follows
for the inverse electrode pairs Yiand Y,and Y;'and Y,/
which are positioned at the end portions of the other
segment electrodes X; through X, and X' through X,'".
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In particular, the density unevenness of display dots d,
and di’ of common electrode Y, and Y’ of common
electrodes Y1, and Y, and Yy’ and Y, which are adja-
cent to each other becomes more obvious due to the
shade difference and since it is usually positioned at the
center of the display picture becomes even more notice-
able. |

Accordingly, a mechanism and method for driving a
liquid crystal display which overcomes the limitations
of the prior art is desired.

SUMMARY OF THE INVENTION

A mechanism for driving a matrix liquid crystal dis-
play having two substrates and a liquid crystal layer
formed therebetween in accordance with the invention
1s provided. A group of common electrodes is formed
on one substrate. A group of segment electrodes is
formed on the other substrate. The common electrodes
intersect the segment electrodes, providing display dots
on the liquid crystal display at each intersection. A
common voltage waveform comprising a selected volt-
age state and a non-selected voltage state is applied to
the group of common electrodes. A segment voltage
waveform having an ON voltage state and an OFF
voltage state 1s applied to the group of segment elec-
trodes. Changing at least one of the common voltage
waveform and the segment voltage waveform in accor-
dance with the pattern of drawings or characters to be
displayed in the liquid crystal display device produce
the desired display. The liquid crystal display device is
driven by a multiplex driver using the voltage standard
driving technique.

A waveform compensation circuit receives a data
signal representative of a character or pattern to be
displayed and compensates at least one of the common
voltage waveform and segment voltage waveform
based thereon. The period, voltage or a combination
thereof of a portion of the non-selected voltage and/or
the segment voltage waveform, or the value of the
selected voltage may be compensated. By compensating
for the shift of the combined effective voltage applied to
each display dot, an improved display with less cross-
talk 1s provided.

In one embodiment of the invention the matrix in-
cludes a plurality of groups of common electrodes and
a plurality of groups of segment electrodes in which the
common electrodes intersect a respective group of seg-
ment electrodes providing display dots on the liquid
crystal display at each intersection. The common elec-
trodes of each group are sequentially scanned in order
so that a voltage is applied at the display dot. A voltage
1s applied to the display dots at at least one common
electrode positioned at an end portion opposed from
each segment electrode which is different from the
voltage applied to display dots at the remaining posi-
tions of the common electrodes.

Accordingly, it is an object of the present invention
to provide an improved method for driving a liquid
crystal display.

Another object of the present invention is to provide
a method for dniving a liquid crystal display which
prevents unevenness in displayed density at the display
dots of the matrix. |

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.

The invention accordingly comprises the several
steps and the relation of one or more of such steps with
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respect to each of the others thereof, which will be
exemplified in the method hereinafter disclosed, and the
scope of the invention will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
1s had to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1is a perspective view of a liquid crystal display
and pattern in accordance with the prior art;

FIGS. 2A-2C and 3A-3C are graphs of ideal wave-
forms of the voltage applied to the liquid crystal panel
for forming the display pattern of FIG. 1;

FIG. 4 is a perspective view of the liquid crystal
panel and actual display pattern of FIG. 1;

FIGS. SA-8C and 6A-6C are graphs of waveforms
of the voltage actually applied to the liquid crystal
panel when forming the display pattern of FIG. 1;

FIG. 7 is a perspective view of a liquid crystal panel
having another ideal display pattern;

FI1G. 8 1s a perspective view of a liquid crystal panel
showing the actual display condition when the display
pattern of FIG. 7 is formed;

FIGS. 9A-9C and 10A-10C are graphs of waveforms
of the voltage actually applied to the liquid crystal
panel when forming the display pattern of FIG. 7;

FIG. 11 1s a perspective view of a liquid crystal panel
wherein another ideal display pattern 1s formed;

FIG. 12 1s a perspective view of the actual display
when the display pattern of FIG. 11 is formed;

FIGS. 13A-13C and 14A-14C are graphs of wave-
forms of the voltage actually applied to the liquid crys-
tal panel for forming the display pattern of FIG. 11;

FIG. 15 is a view showing the actual display when
the display pattern of FIG. 16 is formed;

FI1G. 16 is a perspective view of a liquid crystal panel
wherein another ideal display pattern is formed;

FIGS. 17A-17C and 18A-18C are graphs of wave-
forms of the actual voltage applied to the liquid crystal
panel for forming the display pattern of FIG. 16;

FIG. 19 1s a perspective view of the liquid crystal
panel wherein another ideal display pattern is formed;

FIG. 20 is a perspective view of the actual display
condition when the display pattern of FIG. 19 is
formed;

FIGS. 21A-21C and 22 are graphs of waveforms of
the voltage actually applied to the liquid crystal panel at
the time of forming the display pattern of FIG. 19;

FIG. 23 1s a perspective view of a liquid crystal panel
wherein another ideal display pattern is formed;

FIG. 24 1s a view showing the actual display condi-
tion when the display pattern of FIG. 23 is formed;

FIGS. 25A-25C and 26 are waveforms of the voltage

actually applied to the liquid crystal panel at the time of

forming the display pattern of FIG. 23;

FI1G. 27 1s a block diagram of the liquid crystal dis-
play device constructed in accordance with the present
invention;

FI1G. 28 1s a schematic diagram of a liquid crystal unit
constructed in accordance with the invention;

FIG. 29 is a timing chart for the control signal and the
data signal in accordance with the present invention;

FIG. 30 is a block diagram of a compensation circuit
In accordance with the present invention;

FIG. 31 1s a circuit diagram of the power circuit in
accordance with the present invention;

FIG. 32 1s a perspective view of a liquid crystal panel
wherein a display pattern is displayed;
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FIGS. 33A-33C are graphs of the voltage waveform

applied to form the pattern of FIG. 32;

FIG. 34 15 a partial exploded view of the waveform of
FI1G. 33B; |

FIG. 35 is a block diagram of a liquid crystal display
device 1n accordance with a second embodiment of the
invention;

FIG. 36 1s a block diagram of a compensation circuit
in accordance with the second embodiment of the in-
vention;

FIG. 37 1s a circuit diagram of a power circuit in
accordance with the second embodiment of the inven-
tion,;

FIGS. 38A-38C are graphs of the voltage waveforms

applied for forming the pattern shown in FIG. 32;
FI1G. 39 is a partial exploded view of the waveform of

FIG. 38B;

FIG. 40 1s a block diagram of the liquid crystal dis-
play device in accordance with a third embodiment of
the invention;

FIG. 41 1s a circuit diagram of a power circuit con-
structed in accordance with the third embodiment of
the invention; |

FIG. 42 1s a block diagram of a liquid crystal display
device in accordance with a fourth embodiment of the
invention;

FIG. 43 is a circuit diagram of a circuit constructed in
accordance with the fourth embodiment of the inven-

tion:

FIG. 44 is a graph of an experimental function wave-
form;

FI1G. 45 1s a graph of a ramp voltage waveform;

FI1G. 46 is a schematic diagram of a function wave-
form generating circuit constructed in accordance with
the invention;

FI1G. 47 is a block diagram of a liquid crystal display
device constructed in accordance with a fifth embodi-
ment of the invention;
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FIG. 48 15 a circuit diagram of a power source con- -

structed in accordance with the fifth embodiment of the
invention; |

FIGS. 49A-49C are graphs of the applied voltage
waveform for forming the display pattern of FIG. 32;

FIG. 80 1s a block diagram of a liquid crystal device
constructed in accordance with a seventh embodiment
of the invention; |

FIG. 51 is a block diagram of a compensation circuit
constructed in accordance with the seventh embodi-
ment;

FIG. 52 is a circuit diagram of a power circuit con-
structed in accordance with the seventh embodiment of
the invention;

FIG. 53 is a perspective view of a liquid crystal panel
wherein another display pattern is displayed;

FIGS. 54A-54C and S55A-55C are graphs of the
waveforms of the voltage applied to the liquid crystal
panel for forming the display pattern of FIG. 23;

FIG. 56 is partial exploded view of the waveform of
FIG. 54C;

FI1G. §7 is a partial exploded view of the waveform of 60

FIG. §5C;

FI1G. 58 1s a block diagram of a hiquid crystal display
of a tenth embodiment of the invention;

FIG. 59 is a block diagram of a compensation circuit
constructed in accordance with the tenth embodiment;

FIG. 60 is a block diagram of a power circuit con-
structed in accordance with the tenth embodiment of
the present invention;
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FIG. 61 is a perspective view of a hquid crystal panel
wherein another display pattern is displayed,;
- FIGS. 62A-62C are graphs of the waveforms of the
voltage applied to the liquid crystal panel for forming
the display pattern shown in FIG. 61;

FIG. 63 is a block diagram of a liquid crystal display
device constructed in accordance with a twelfth em-

bodiment of the invention;

FIG. 64 is a block diagram of a compensation circuit
constructed in accordance with the twelfth embodi-
ment of the invention;

FIG. 65 is a perspective view of a liquid crystal panel
wherein another display pattern is displayed;

FIGS. 66A-66C are graphs of waveforms of the volt-
age applied to the liquid crystal panel of FIG. 65;

F1G. 67 is a partial exploded view of the waveform of
FI1G. 64C; :

FIG. 68 is a perspective view of a liquid crystal panel
wherein another display pattern 1s formed;

FIGS. 69A-69C are graphs of the waveforms applied
to the liquid crystal panel for forming the display pat-
tern of FiG. 68;

FIG. 70 is an exploded view of the waveform of FIG.
69B;

FI1G. 71 is a block diagram of a liquid crystal device
constructed in accordance with a fourteenth embodi-
ment of the invention;

FIG. 72 is a block diagram of a compensation circuit
constructed in accordance with the fourteenth embodi-
ment of the invention;

FIG. 73 is a perspective view of a liquid crystal panel
wherein another display pattern 1s formed;

FI1G. 74 1s a perspective view showing a display con-
dition during the forming of the display pattern of FIG.
71; y

FIGS. 75 and 76 are exploded graphs of voltage
waveforms applied to the electrodes when the common
electrodes are changed from the non-selected voltage to
the selected voltages;

FIG. 77 is a block diagram of a liquid crystal display
device constructed in accordance with a sixteenth em-
bodiment of the invention;

FIG. 78 is a block diagram of a compensation circuit
constructed in accordance with the sixteenth embodi-

‘ment of the invention;

FIG. 79 is a circuit diagram of a power circuit con-
structed in accordance with the sixteenth embodiment
of the invention;

FIG. 80 is a partial top plan view of a liquid crystal
display constructed in accordance with the prior art;

FIG. 81 is an equivalent circuit diagram of the display
of a segment electrode constructed in accordance with
the prior art;

FIG. 82 is a waveform diagram of an applied voltage
in accordance with the prior art;

FIG. 83A-83C are voltage waveforms diagrams of
scanning voltages applied to each common electrode in
accordance with the present invention;

FIG. 84A-84C are voltage waveform diagrams of
scanning voltages applied to each common electrode in
accordance with a second embodiment of the invention;
and

FIGS. 85A-85C are voltage waveform diagrams of
scanning voltages applied to each common electrode in
accordance with a third embodiment of the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference 1s made to FIGS. 27 through 34 in which
a liquid crystal display device (1.CD), generally indi-
cated as 100, for eliminating zebra crosstalk is provided.
As mentioned above, the degree of zebra crosstalk 1s
based upon the difference I (I=Nonx—Mon) between
the number of ON dots NON on the common electrode
which is to be selected next and the number of ON dots
Moy on the common electrode which is presently se-
lected. Accordingly, during operation of the liquid
crystal display device, a waveform compensation value
based upon the value of I must be calculated to elimi-
nate zebra crosstalk.

To make this compensation L.CD 100 includes a lig-
uid crystal unit 101 having a liquid crystal panel and
corresponding driving circuit. A combined control
signal 102 for controlling the liquid crystal display de-
vice composed of a plurality of signals including a latch
signal LP, a frame signal FR, a data-in signal DIN, an X
driver shift clock signal XSCL and others (not shown)
1S input into liquid crystal unit 101. A data signal 103 is
also input in liquid crystal unit 101.

LCD 100 also includes a waveform compensation
signal generating compensation circuit 104 which re-
ceives contro!l signal 102 and data signal 103. Compen-
sation circuit 104 calculates the value of I and transmits
a sign signal 108 indicating the sign of I and a strength
signal 109 indicating the absolute value of 1. Strength
signal 109 is in an active condition during the period
corresponding to the absolute value of 1.

A power circuit 105 receives strength signal 109.
Power circuit 105 produces a common electrode driv-
ing power source (Y power source) 106, supplying
voltage to liquid crystal unit 101 in accordance with
sign signal 108 and the strength signal 109. Simulta-
neously, power source 105 produces a segment elec-
trode driving power source (X power source) 107.
Power circuit 105 also performs the voltage compensa-
tion of Y power source 106.

The operation of LCD 101 is now explained below.
Compensation circuit 104 first receives data signal 103
during the period when a common electrode is selected.
Compensation circuit 104 calculates the number of ON
dots Non on the common electrodes presently selected
and the number of ON dots Moy on the common elec-
trode which is to be selected next, and the difference
between the number of ON dots Noxn on the common
electrode which is presently selected and the number of
ON dots Mon on the common electrode, the value of 1.
When the switch is made between successive selected
common electrodes, the resulting sign and absolute
value of I are output as sign signal 108 and strength
signal 109, respectively. At the same time, the received
Mo value 1s stored as the number of ON dots, Non, on
the common electrode which is presently selected.
Power circuit 105 compensates the voltage of Y power
source 106 in accordance with sign signal 108 and
strength signal 109,

Due to the above operation, the display unevenness
resulting from the zebra crosstalk on the liquid crystal
panel can be prevented. To compensate the applied
voltage, a predetermined voltage is applied to the spike
shaped noise generated in the driving waveform applied
to the liquid crystal panel in a direction which cancels
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the noise for a period corresponding to the strength of

the noise. The direction of the predetermined voltage is

16
determined by sign signal 108, while the period for

using the predetermined voltage is determined by
strength signal 109.

As seen from FIG. 28 liquid crystal unit 101 includes
a liquid crystal panel 201, having a plurality of common
electrodes Y1 through Y6 horizontally oriented on
substrate 202 and a plurality of segment electrodes X1
through X6 vertically oriented on a substrate 203. A
liquid crystal layer 215§ is sandwiched between sub-
strates 202 and 203. Common electrodes Y1 through Y6
and segment electrodes X1 through X6 intersect each
other, forming a display dot 204 at each intersection,
forming a crystal panel having a 6 X6 dot structure.
This size is by way of example only for ease of explana-
tion, the size of liquid crystal panel 201 may be larger or
smaller.

A common electrode driving circuit 205 comprises a
shift register circuit 206 and a level shifter circuit 207.
Shift register circuit 206 receives signal DIN and pro-
vides an output to level shifter circuit 207. Level shifter
207 also receives signal FR and power signal 106 as
inputs. The output from level shifter circuit 207 is intro-
duced to each common electrode Y1 through Y6 of the
liquid crystal panel 201.

A segment electrode driving circuit 208 comprises a
shift register circuit 209, a latch circuit 210 and a level
shifter circuit 211. Shift register circuit 209 receives
signal XSCL and data signal 103 and provides an output
to latch circuit 210. Latch circuit 210 also receives
signal DIN and provides an output to level shifter cir-
cuit 211. Level shifter circuit 211 also receives signal
FR and power signal 107 as inputs. The output from
level shifter circuit 211 is introduced to each segment
electrode X1 through X6 of liquid crystal panel 201.

Reference i1s made to FIG. 29 wherein a timing chart
showing each signal DIN, LP, FR, XSCL of the con-
trol signal 102 and the data signal 103 is provided. Sig-
nals DIN and LP act as the data clock and shift clock,
respectively, for shift register circuit 206 of common
electrode driving circuit 205. Signal DIN is input to
shift register circuit 206 at the falling edge of signal LP
triggering the transmission of signal DIN.

Signal DIN has “H” as an active element, i1.e., when
signal DIN 1s generated. Signal DIN 1s sequentiaily
output over an interval corresponding to the number of
common electrodes Y1 through Y6 of liquid crystal
panel 201 or a number of occurrence of the signal LP
larger than the number of common electrodes Y1
through Y6 in the normal case. The “H” data passes
through shift register circuit 206, while the “L.’ data
passes through the others. Depending upon the content
of shift register circuit 206, the selected voltage is sup-
plied to common electrodes Y1 through Y6 by level
shifter circuit 207 during an active period and the non-
selected voltage is supplied to common electrodes Y1
through Y6 during the passive period. The selected
voltage and the non-selected voltage are supplied from
Y power source 106.

Data signal 103 and signals XSCL and LP act as the
data and shift clock of shift register circuit 209 of seg-
ment electrode driving circuit 208, and the latch clock
of latch circuit 210. Data signal 103 acts as a signal for
determining whether display dot 204 on the next com-
mon electrode to be selected 1s ON or OFF during the
period when the common electrode of the liquid crystal
panel 201 is selected. Data signal 103 indicates the ON
state. Data signal 103 1s received 1in shift register circuit
209 at the falling edge of signal XSCL. Data signal 103
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thus corresponds to the display dots on the common
electrode which is next to be selected during the period
when a common electrode is presently selected. When
the receipt of data signal 103 in accordance with the
signal XSCL is terminated, the contents of shift register
circuit 209 is received in latch circuit 21 at the falling
edge of signal LP. Then, in the active case, the ON
voltage is supplied to segment electrodes X1 through
X6 by shift register circuit 211. Conversely, in the pas-
sive case, the OFF voltage is supplied to the segment
electrodes X1 through X6. The ON voltage and OFF
voltage are supphied by X power source 107.

Additionally, signal FR (frame signal) is input to
driving circuits 205, 208 to achieve alternating driving
of liquid crystal panel 201. Signal FR switches in re-
sponse to the falling edge of signal LP, and switches the
selection of the potential of the drniving voltage.
Namely, the driving voltage includes two sets of se-
lected and non-selected voltages, and ON and OFF
voltages, which are switched by frame signal FR.

The above structure of the liquid crystal unit 101 and
the driving method therefor is only by way of example

for explaining the present invention. The structure of

liquid crystal unit 101 is not limited to the structure.
Reference is now specifically made to FIG. 30 in
which a block diagram of compensation circuit 104 is

provided. A count circuit 401 receives data signal 103
and counts the number of ON dots within the display

dots 204 on the (n+ th common electrode during the
period when the nth common electrode of the liquid
crystal panel 201 is selected. Counter circuit 401 counts

the number of ON dots on the (N+ 1)th common elec-

trode by counting the number of dots from the falling
edge of signal LP of control signal 102 to the falling
edge of the next signal LP when data signal 103 is active

at the falling edge of signal XSCL. The count value of

the counter circuit 401 is reset to zero, while the dis-
crete counted value is output to a first counter holding
circuit 402 at the time of falling edge of signal LP. The
counting is begun again and repeats successwcly It 1s
not always necessary to count every dot unit if circum-
stances require, for example, if the number of segment
electrodes X1 through X6 were as high as 640, there is
no noticeable loss in performance even with a counting
error set as high as 16 dots.

First counter holding circuit 402 receives the count
value just before the count value of counter circuit 401
becomes zero at the falling edge of signal LP. At the
same time, a second counter holding circuit 403 re-
ceives the count value from first counter holding circuit
402, wherein the discrete value is transferred just before
first counter holding circuit 402 receives the next count
value from counter circuit 401, at the falling edge of the
signal LP. Accordingly, when first counter holding
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circuit 402 receives the number of ON dots Moy of 55

display dots 204 on the (n+1)th common electrode,
second counter holding circuit 403 receives the number
of ON dots Noy of display dots 204 on the nth common
electrode.

First counter holding circuit 402 and second holding
counter circuit 403 output their respective Moy and
Non values to an arithmetic circuit 404. Arithmetic
circuit 404 calculates the difference between the value
of Mon and Non produced from first and second
counter holding circuits 402 and 403, namely I=-
Non—Mon, and outputs the sign of I as sign signal 108,
and at the same time, the absolute value of I 1s output to
a pulse width control circuit 405.

18

Pulse width control circuit 405 outputs the active
signal for a period corresponding to the absolute value
of I, which is input from the arithmetic circuit 404, as
strength signal 109. Pulse width control circuit 405
outputs strength signal 109 at the falling edge of signal
LP. However, the above signal is not output at the
falhng cdgc of signal LP when the signal FR 1s chang-
ing.

The width W of strength signal 109 is related to the
absolute value of I through an increment function:

W=a;XI*+ by X I*

where aiand by are constantsand K is 0, 1,2, 3 ... The
above width W can be differentiated for both positive
and negative values of I. In this embodiment, W =a; X1
and is defined regardless of whether the value of I is
positive or ncgatwe

Reference is now specifically had to FIG. 31 in
which a circuit diagram of the voltage power circuit
105 is provided. A plurality of resistors 501 through 509
are serially connected and a voltage V0 and a voitage
V5 are supplied at the ends of the resistors providing a
series of voltage dividers thereof. If the resistance value
of each resistor 501 through 509 are defined as R1
through R9, respectively, the relation 1s

Rl = R9 R2 = RS
R3 = R7, R4 = R6 and;
Rl 4+ R2 = R3 + R4 =

R9 +~ R8 = R7 4+ R6 =

R5/(n — 4). (n 1s a constant)

Therefore, if the voltage at the end of each respective
resistor 501 through 509 is defined as V0, V1U, V1N,
V1L, V2, V3, V4U, V4N, V4L, and VS5, the following

relationships occur.
W — VIN=VIN - 2
= VAN — V5 = V3 — V4N
= (V2 — V3)/(n — 4)
Kl = (V1U - VIN)/(VO — VIN)
= (V4N — VAL)/(VAN — V5)
K2 = (VIN — V1L)/(VO — VIN)

= (V4U — V4N)/(VAN — V3) (n 1s a constant).

Wherein, the resistance value of each resistors 501
through 509 is set so that the relation of K1 and K2
satisfies the condition of 0<K2, K1=1.

A respective voltage circuit §10 for stabilizing di-
vided voltages V1U, V1IN, V1L, V2, V3, V4U, V4N,
and V4L formed by each resistor 501 through 509, is
provided at the junction of the respective resistors,
having the same voltage as the input voltage but having
a low impedance. In an exemplary embodiment stabiliz-

60 ing circuit 510 includes an operational amplifier having

65

a voltage follower circuit construction.

A switch 511 and a switch 512 are provided. Both
receive sign signal 108 and strength signal 109 as inputs.
Switches 511 and 512 are switched in accordance with
the inputs of sign signal 108 and strength signal 109.
Switch 511 selects between voltage inputs V1U, VIN
and V1L, while switch 512 selects between V4U, V4N
and V4L. Where strength signal 109 1s active and sign
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signal 108 is positive, switches 511 and 512 are switched
to the voltage V1U and the voltage V4L, respectively.
When strength signal 109 is active and sign signal 108 is
positive, switches 511 and 512 are switched to the volt-
age V1L and the voltage V4U, respectively. When
strength signal 109 is passive, switches 511 and 512 are
switched to the voltage VIN and the voltage V4N,
respectively. Each voltage is output from switches 511
and 512 as the output voltages V1 and V4 respectively.
Voltages V1 and V4, and the voltages V0 and V§ are
output as Y power source 106. Additionally, the volt-
ages V0, V2, V3, and VS§ are output as the X power
source 107. Accordingly, Y power source 106 is com-
prised of the voltages V0, V1, V4, and V§; the X power
source is comprised of the voltages VO, V2, V3, and V5.
The voltages are output to liquid crystal unit 101 as a
combination of two groups of voltages.

Namely, one set of voltage is as foliows.

The voltage VO of Y power source 106 (selected
voltage)

The voltage of V4 of Y power source 106 (non-
selected voltage)

The voltage V8§ of X power source 107 (ON voltage)

‘The voltage V3 of X power source 107 (OFF volt-
age)

The other set of voltage is as follows.

The voltage VS of Y power source 106 (selected
voltage)

The voltage V1 of Y power source 106 (non-selected
voltage)

The voltage VO of X power source 107 (ON voltage)

The voltage V2 of X power source 107 (OFF volt-
age)

Switching between the two sets of voltages is periodi-
cally controlled by signal FR of control signal 102 1n
the common electrode driving circuit 205 and the seg-
ment electrode driving circuit 208.

According to the above structure, when I has a posi-
tive value and the selection between common elec-
trodes Y1 through Y6 changes from nth electrode to the
(n+ 1)th electrode, Y power source 106 outputs volt-
ages V1U and V4L during the period corresponding to
absolute value of I. When the value of I 1s negative, Y
power source 106 outputs voltages of V1L and V4U to
the liquid crystal unit 101 during the period correspond-
ing to the absolute value of 1. Further, the voltages VIN
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and V4N are output as voltages V1 and V4 when

strength signal 109 is passive including when I equals
Zero.

Reference 1s now made to FIGS. 32 through 3§ in
which a display and input waveforms for forming the
display are provided. FIGS. 33A-33C show one exam-
ple of the voltage waveform applied to form the dis-
played pattern of FIG. 32. The waveform of FIG. 33A
is the voltage waveform which is applied to segment
electrode X4 for forming display dot 601. FIG. 33B is
the voltage waveform which is applied to common
electrode Y3 for forming display dot 601. FIG. 33C
shows the combination voltage waveform derived from
F1GS. 33A, 33B which 1s applied to display dot 601.

The voltages indicated by the dashed lines in FIGS.
33A and 33B indicate voltages V0, V2, V3, and V5 of X
power source 107 and voltages V0, V1, V4dand VS of Y
power source 106.

Reference is made to FIG. 34 in which the portion
indicated by the circled area 701 in FIG. 33B is shown.
A spike shaped noise voltage 801 tends to occur 1n the
common electrode. A changeable non-selected voltage
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802 is formed by Y power source 106. Voltages 801 and

802 are combined to form voltage 803.

When the pattern of FIG. 32 is displayed, the differ-
ence I between the number of ON dots Nox on the nth
common electrode and the number of ON dots Moy on
the (n+ 1)th common electrode at the time of changing
the selection from the nth common electrode to
(n+1th common electrode is as follows. When the
selection moves from the first common electrode Y1 to
the second common electrode Y2, I=-—2; when the
selection moves from the second common electrode Y2
to the third common electrode Y3, I=2; when the se-
lection moves from the third common electrode Y3 to
the fourth common electrode Y4, I=—4; when the
selection moves from the fourth common electrode Y4
to the fifth common electrode Y5, 1=4; when the selec-
tion moves from the fifth common electrode Y3 to the
sixth common electrode Y6, I1==—6; and when the se-
lection moves from the sixth common electrode Y6 to
the first common electrode Y1, I=6.

Thus, in accordance with changes from electrode Y1
to electrode Y2, electrode Y2 to electrode Y3, electrode
Y3 to electrode Y4 and so on, the noise voltage 801
increases. However, the period for which the non-
selected voltage 802 changes in the direction opposed to
the noise voltage 801 increases from T1 to T3, so that
combined voltage 803 is compensated. Therefore, the
voltage applied to display dot 601 is compensated,
thereby realizing an improved display without zebra
crosstalk. As mentioned above, when the selected com-
mon electrode switches from the nth common electrode
to the (n+1)th common electrode of liguid crystal
panel 201, the non-selected voltage of Y power source
106 is changed for a period in accordance with the
difference 1 between the number of ON dots on the nth
common electrode and the number of ON dots on the
(n+1)th common electrode, thereby providing an im-
proved display without zebra crosstalk.

The present embodiment provides a structure for
changing the period in which the non-selected voltage
is increased or decreased to perform the compensation.
Hereinafter this is referred to as a time base compensa-
tion of the non-selected voltage.

Reference 1s now made to FIGS. 3§ through 39
wherein a second embodiment of a liquid crystal display
device for removing zebra crosstalk is provided.

As discussed above, LCD 100 illustrates a way of
providing improved display without zebra crosstalk by
compensating the time base of the non-selected voltage.
However, the same effect can be obtained even though
the non-selected voltage is changed by an amount cor-
responding to the voltage width based upon the value I
over a predetermined period.

Reference is now specifically made to FIG. 35 in
which a second embodiment of an LCD, generally
indicated as 900, i1s provided. LCD 900 is similar to
LCD 100. Like numerals are utilized to indicate like
parts, the primary difference being the replacement of
compensation circuit 404 and power circuit 105.

A compensation circuit 904 counts the value of I as
did compensation circuit 104. The value of I is transmit-
ted to a power circuit 905. Again, the sign of I is sign
signal 108 and the absolute value of 1 is a strength signal
909. Power circuit 905 changes the non-selected voltage
of Y power source 906 which is input to liquid crystal
unit 101. Y power source 906 is input in a direction
corresponding to sign signal 108 and a voltage width in
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accordance with strength signal 909 over a predeter-
mined period.

In accordance with the above method, the non-
selected voltage 1s changed for the voltage width corre-
sponding to the noise strength for a predetermined per- 5
10d in a direction causing the cancellation of the spike
shaped noise generated on the common electrodes of
hiquid crystal panel 201, thereby providing an improved
display without zebra crosstalk. Sign signal 108 deter-
mines the direction of change and strength signal 90 10
determines the width of voltage. -

Reference is now specifically made to FIG. 36 in
which a block diagram for a compensation circuit 904 is
provided. Compensation circuit 904 includes a counter
circuit 401, a first counter holding circuit 402, a second 15
counter holding circuit 403 and an arithmetic circuit
404 which all function in the same manner as the equiva-
lent structures of compensation circuit 104. Counter
circuit 401 counts the number of ON dots from data
signal 103. First counter holding circuit 402 and second 5
counter holding circuit 403 store the number of ON
dots Mon and Non on the (n+ 1)th and nth common
electrodes 202, respectively, whereby arithmetic circuit
403 calculates the value of I. Sign signal 108 and
strength signal 909 representing the absolute value of I 55
are output in response to signal L P of the control signal
102.

Reference is now specifically made to FIG. 37 in
which a circuit diagram for power circuit 905 1s pro-
vided. A plurality of resistors 1101 through 1105 are i,
serially connected. A voltage V0 and V8§ are applied at
both ends of resistors 1101 through 110§ providing at
each coupling of successive resistors.

The resistance value of each resistor 1101 through
1105 is 10, rl, r2, r3, and r4, respectively, and the values ;4
are in the following relation:

W=rl=ri=r

(n—4)Xr0=r2
40

(n 1s a constant)

The divided voltage applied at the end portions of
each resistor 1101 through 1105 has a respective value
V0, VIN, V2, V3, V4N, and VS5, which may be ex-

pressed by 45

O — VIN

= VIN -~ 12

= V3 — V4N 30
= VAN — ¥ |

= (V2 — ¥V3)/(n — 4) (nis a constant)

Voltages VIN, V2, V3 and V4N are output through
a voltage stabilizing circuit 510 as in power circuit 105. 355

A pair of voltage generating circuits 1107 and 1108
receive sign signal 108 and strength signal 909 and gen-
erate a voltage in accordance with the sign signal 108
and strength signal 909. A D/A converter is contained
within voltage generating circuits 1107 and 1108. When 60
sign signal 108 indicates a positive value, voltage gener-
ating circuit 1107 generates a voltage N1C in which the
value of the output voltage shifts relative to the voltage
V1N to the voltage V0 side for a voltage width corre-
sponding to the absolute value of I indicated by strength 65
signal 909. Similarly, voltage generating circuit 1108
generates the voltage V4C in which the value of volt-
age shifts relative to the voltage V4N to the voltage VS
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side for a voltage width corresponding to the absolute
value of I indicated by strength signal 909. On the other
hand, when sign signal 108 indicates a negative value,
each voltage generating circuit 1107 and 1108 generates

‘the voltages V1C and V4C, respectively in which each

value of voltage shifts to each side of voltage V2 and V3
for a voltage width corresponding to the absolute value

of I indicated by strength signal 909.

The size of the above voltage width which varies in
accordance with the absolute value of I indicated by
strength signal 909 can be changed when the sign I
indicated by sign signal 108 is either positive or nega-

tive.

A pulse width generating circuit 1109 receives signal
LLP and generates the signal which triggers the active
state only for a predetermined period. The signal 1s
output in response to the signal LP of the control signal
102. However, the signal is not output when signal FR
of the control signal 102 is switched.

A switch 1110 selects between the voltage VIN and
V1C. A switch 111 selects between voltages V4N and
V4C. Additionally, each above switch is switched by
the signal output by pulse width generating circuit 1109.
Namely, each switch 1110 and 1111 selects the voltages
V1C and V4C, respectively, during a predetermined
period corresponding tc the pulse width when the sig-
nal output from pulse width generating circuit 1109 is in
the active state. Conversely, when the signal output
from pulse width generating circuit 1109 is in the pas-
sive state, each voltage i1s switched to the voltage VIN
and the voltage V4N, respectively. The output of
switch 1110 is V1 and the voltage output of switch 1111
is V4. Accordingly, voltages V1 and V4 output from
the switches 1110 and 1111 change by the value of I for
a predetermined period, wherein the direction of
change is in accordance with the sign of I and the size
of change is in accordance with the absolute value of L.

Power circuit 905 outputs the voltages V1 and V4,
and the voltages V0 and V5 as Y power source 906 and
outputs the voltages V0, V2, V3, and V5§ as X power
source 107.

Y power source 906 and X power source 107 output
the following two groups of voltages to hiquid crystal
unit 101.

Namely, one voltage set 1s;

The voltage V0 of Y power source 906 (selected
voltage)

The voltage V4 of Y power source 906 (non-selected
voltage)

The voltage VS of X power source 107 (ON voltage)

The voltage V3 of X power source 107 (OFF volt-
age), and the other voltage set is;

The voltage V5§ of Y power source 906 (selected
voltage)

The voltage V1 of Y power source 906 (non-selected
voltage)

The voltage V0 of X power source 107 (ON voltage)
The voltage V2 of X power source 107 (OFF voltage).

In the above structure, the non-selected voltage var-
ies in accordance with the value of 1 for a predeter-
mined period in view of the direction and size of I

Reference is now made to FIGS. 32, 38 and 39
wherein the operation of LCD 9% is explained in con-
nection with the display pattern of FIG. 32. FIG. 38
shows one example of an applied voltage waveform.
FIG. 38A illustrates the segment voltage waveform
applied to segment electrode X4 for forming display dot
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601. FIG. 38B shows the voltage waveform applied to
common electrode Y3 for forming display dot 601 FIG.
38C shows the combined voltage waveform applied at
display dot 601. The voltages marked by the dashed
lines of FIGS. 38A and 38B show the voltages V0, V2,
V3, and V3§ of X power source 107 and the voltages V0,
V1, V4, and VS of Y power source 906.

Reference is made to FIG. 39 in which an enlarged
portion of FIG. 38B indicated by encircled area 1201 is
- provided. A spike shaped noise voltage 1301 is gener-
ated on the common electrode. A changeable non-
selected voltage 1302 is formed by Y power source 906.
The voltage widths for changing are marked by El1
through E3. A voltage 1303 is composed of voltages
1301 and 1302.

The difference I between the number of ON dots on
the nth common electrode and the number of ON dots
on the (n+ 1)th common electrode at the time when the
selected electrode is changed from the nth common
electrode to the (n+1)th common electrode is per-
formed as follows: from the first electrode to the second
electrode, I=—2; from the second electrode to the
third electrode, 1=2; from the third electrode to the
fourth electrode, (I=—4; from the fourth electrode to
the fifth electrode, I=4; from the fifth electrode to the
sixth electrode, I=—6; and from the sixth electrode to
the first electrode, I=6.

As mentioned above, in accordance with the move-
ment from the first electrode to the second electrode,
the second electrode to the third electrode, and so on,
the noise voltage 1301 increases. The width of non-
selected voltages for changing in the direction opposed
to the generated noise voltage 1301 for a predetermined
period from El to E3, also increases, thereby compen-
sating the voltage 1303. Therefore, the voltage added to
the display dot 601 is compensated providing an im-
proved display without zebra crosstalk.

As mentioned above, when the selection moves from
the nth common electrode of liquid crystal panel 201 to
the (n+ 1)th common electrode, the non-selected volt-
age of Y power source 906 is changed for a predeter-
mined period in accordance with the difference I be-
tween the number of ON dots on the nth common elec-
trode and on the (n- 1)the common electrode, thereby
providing an improved display without zebra crosstalk.

Accordingly, in the present embodiment, the non-
selected voltage is changed for a predetermined period
for the voltage width in accordance with the value of I,
thereby achieving the necessary compensation. This is
known as a voltage base compensation of the non-
selected voltage.

Reference is now made to FIGS. 40 and 41 wherein
a third embodiment for removing zebra crosstalk for an
LCD generally indicated as 1400, is provided.

LCDs 100 and 900 demonstrate a structure for com-
pensating the non-selected voltage by either time or
voltage in accordance with the value of 1. However, as
in LCD 1400, both the period and voltage may be com-
pensated in accordance with the value of I, thereby also
obtaining the same effect.

In FIG. 40, the structure and operation of LCD 1400
is the same as LCD 900 with the exception of a power
circuit 1405 and a Y power source 1406 formed by
power circuit 1405. For the remaining structure like
structure are identified by like numerals. FIG. 41 is a
circuit diagram for power circuit 1405. The structure
and operation of power circuit 1405 is the same as the
structure of power circuit 905 with the exception of a
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pulse width control circuit 1509. For the remaining
structure like parts are indicated by like numerals.

Pulse width control circuit 1509 outputs an active
signal for the period corresponding to the value of
strength signal 909. Pulse width control circuit 1509 is
triggered by the falling edge of signal LP of control
signal 102. However, the signal is not output when
signal FR of control signal 102 is switched. The signal
from pulse width control circuit 1509 controls switches
1110 and 1111, and switches the switches 1110 and 1111
for a period corresponding to the value of 1.

I.CD 1400 allows the pertod and voltage width of the
non-selected voltage of Y power source 1406 to be
changed in accordance with the value of I, thereby
compensating the noise voltage generated in liquid
crystal panel 201. Thereby, an improved display with-
out zebra crosstalk can be realized as in LCD 100 and
LCD 900. As mentioned above, in LCD 1400, the non-
selected voltage 1s compensated in accordance with L
This is referred to as a time-voltage base compensation.

In the circuits of the above embodiments, spike
shaped noise waveforms generated on the common
electrodes of the liquid crystal panel 201 are compen-
sated by applying a square-shaped waveforms to the
common electrodes. However, the generated noise
waveform, in fact, is spike shaped, rather than square-
shaped. The generated noise waveform is a waveform
based upon the voltage generated from a differentiating
circuit and is defined by an exponential function. The
differentiating circuit comprises the resistors of the
common and segment electrodes of liquid crystal panel
201 and a capacitor of liquid crystal layer 215. Accord-
ingly, to more accurately compensate the voltage wave-
form, the voltage waveform having a peak value ac-
cording to the value I and having a shape similar to the
generated noise waveform is applied to the non-selected
voltage, thereby making it possible to provide an im-
proved display guality without zebra crosstalk.

Reference is now made to FIG. 42 in which a circuit
diagram for a fourth embodiment of an LCD, generally
indicated as 1600, for compensating such voltage wave-
forms is provided. LCD 1600 is similar in structure and
operation to LCD 900 with the exception of a power
source circuit 1605 and a Y power source 1606 gener-
ated by power circuit 1605.

Reference is now made to FIG. 43 in which a circuit
diagram for power circuit 1605 is provided. Three resis-
tors 1701, 1702, 1703 are serially connected and have
respective resistance values rl, r2 and r3. The resistance
relationship is as follows:

rl/2=r2/2=r3/(n—4)

(n 1s a constant)

A voltage V0 and a voltage VS are applied across the
ends of resistors 1701 and 1703. Voltage VO is greater
than voltage V8. Voltage dividers are formed at the
resistor junctions so that voltages V0, V2, V3 and V5
are the voltages existing at the ends of respective resis-
tors 1701, 1702, 1703. |

The relationship between voltages is expressed by the
following equations: |

(V0 - V2)/2
= (V3 — ¥3)/2

= (V2 — V3)/(n — 4) (nis a constant)
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The voltages V2 and V3 are stabilized by respective
voltage stabilizing circuits 1704 which function identi-
cally to voltage stabilizing circuit 510.
Herein, a voltage V1N and a voltage V4N are defined
as follows:

VIN=(W—12)/2+ V2
VAN=(V3— V5)/2+ V5

Namely, voltage V1N is an intermediate value between
the voltages V0 and V2, and voltage V4N is an interme-
diate value between the voltages V3 and V5.

A pair of function waveform generating circuits 1705
and receive sign signal 108, strength signal 909 and
signal LP as inputs. Waveform generating circuits 1705
and 1706 output function waveform voltages V1 and
V4 of which the direction and the peak value 1s changed
by sign signal 108 and strength signal 909.

Reference is no made to FIG. 44 in which the voltage
waveforms produced by function waveform circuits
1705 and 1706 are provided. Compensation voltage V1
output by function waveform circuit 1705 is either a
voltage V1IN or voltage VIN in combination with a
voltage E having a potential function waveform (FIG.

44). In this case, the exponential function waveform of
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voltage E may be expressed by the following equation:

E=aXxexp (—XT)

wherein a and 3 are constants, and T is time.
-Similarly, a compensation voltage V4 output by com-
prising either a voltage V4N or voltage V4N and volt-
age E having an exponential function waveform E
(FIG. 44). Again, the voltage E is expressed by the

following equation:
E=—aXexp(—BXT)

The sign of a corresponds to the signal indicated by
sign signal 108. Upon receipt of sign signal 108, the
direction in which the compensation voltage 1s applied
is switched. The absolute value of a i1s changed in ac-
cordance with strength signal 909, thereby making it
possible to change the peak value of the waveforms.

30

35

When sign signal 108 is positive and the value of 45

strength signal 909 gradually increases, the waveforms
1801, 1802, 1803, and so on are generally generated by
function waveform generating circuit 1705. When sign
signal 108 is negative, the waveforms 1806, 1807, 1808
and so on are generated. However, when sign signal 108

is positive and the value of strength signal 909 is gradu-

ally increased, waveform generating circuit 1706 out-
puts waveforms 1806, 1807, 1808, . . . When sign signal
108 is negative, waveform generating circuit 1706 gen-
erates waveforms 1801, 1802, 1803, . .. |
Compensation voltages V1 and V4 are generated by
function waveform generating circuit 1705 and 1706,

50

55

respectively, in synchronism with signal LP of control

signal 102. However, when signal FR of control signal
102 is switched, voltages VIN and V4N are generated
by respective function waveform generating circuits
1705 and 1706, and not in synchronization with signal
LP of the control signal 102.

Reference is now made to FIG. 45 in which a second
voltage waveform is provided. Function waveform
generating circuit 1705 also outputs a voltage V1 com-
prising voltage V1IN and a triangular waveform voltage
E (FIG. 45). Voltage E may be closely expressed as an
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exponential function obtained by the following equa-
tion:

E=a8-1D B=T
E=0 BLT

wherein a and 3 are constants and T 1s time.
Similarly, function waveform generating circuit 1706
outputs a voltage V4 comprising voltage V4N and a
triangular waveform voltage E (FI1G. 45) which may be
closely expressed as an exponential function obtained by

the following equation:

E=—a-T BZT
E=0 B<T

Herein, the sign of o corresponds to the negative or
positive values of sign signal 108, and changes the ap-
plied direction of the voltage in accordance thereto.
Additionally, the absolute value of a changes in accor-
dance with strength signal 909, thereby making it possi-
ble to change the peak value of the waveform.
Specifically, when sign signal 108 is positive and the
value of strength signal 909 is gradually increased,

waveforms 1901, 1902, 1903 and so on and waveforms

1906, 1907, 1908 and so on are output by respective
function waveform generating circuits 1705 and 1706.
Conversely, when sign signal 108 is negative wave-

forms 1906, 1907, 1908 and so on and waveforms 1901,

1902, 1903 and so on are output by respective function
waveform generating circuits 1705 and 1706.
Reference is now made to FIG. 46 in which a circuit

diagram of respective function waveform circuits 1705
and 1706 is provided. The structure of function wave-

form circuits 1705 and 1706 are identical, however, in
1705 the reference voltage 2001 is used as VIN and in
function generating circuit 1706 a different reference
voltage, V4N is utilized.

A variable resistor 2002 comprises a plurality of resis-
tors 2012 wherein the resistance value is increased expo-
nentially as expressed by the relationship vy, 2y, 4y
through 2 m. Switches located within resistor 2012 may
be controlled to change the value of resistor 2002. A
resistance changing circuit 2003 receives strength signal
909 and changes the value of variable resistor 2002, in
accordance with the values of strength signal 909. As
strength signal 909 is gradually increased, the value of
the variable resistor 2002 increases. A capacitor 2004 1s
coupled to variable resistor 2002 to form a differential
circuit.

A first switching power source 2005 has a voltage
higher than reference voltage 2001. However, the volt-
age V0 may be substituted for power source 2005 in
function waveform generating circuit 1708, and further,
the voltage V3 may be substituted in function wave-
form generating circuit 1706. A second switching
power source 2006 has a voltage lower than reference
voltage 2001. The voltage V2 may be substituted in
function waveform generating circuit 1705 for voltage
2006 and further, the voltage V5§ may be substituted in
function waveform generating circuit 1706.

A switch 2007 is connected to the opposing elec-
trodes of capacitor 2004, and may select either first
switching power source 2005 or second switching
power source 2006. A switch control circuit 2008 re-
ceives signal LP and sign signal 108 and controls switch
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2007 controls according to the condition of sign signal
108, in synchronism with signal LP of control signal
102, except when signal FR of control signal 102 is
switched. |

Specifically in function waveform generating circuit
1705, when sign signal 108 indicates a positive sign,
switch 2007 is switched so as to be connected to first
switching power source 2005. When sign signal 108
indicates a negative sign, switch 2007 is switched so as
to be connected to second switching power source
2006. However, in function waveform generating cir-
cuit 1706, when sign signal 108 indicates a positive sign,
switch 2007 is switched so as to be connected to second
switching power source 2006, and when sign signal 108
indicates a negative sign, switch 2007 is switched so as
to be connected to first switching power source 2005.
Then, prior to inputting the next signal LP of control
signal 102 to switch control circuit 2008, switch 2007 is
switched to the opposing electrode of the capacitor
2004.

A voltage follower circuit 2009 having an operational
amplifier 1s provided to reduce the impedance of the
voltage applied to the non-inverted input terminal to
output a voltage waveform having the reduced impe-
dance. An output voltage 2010 of voitage follower
ctrcuit 2009 is output as V1 from function waveform
generating circuit 1705 and is output as V4 from func-
‘tion waveform generating circuit 1706.

In function waveform circuits 1705 and 1706, since
either the first switching power source 2005 or the
second switching power source 2006 is connected to the
differential circuit comprising the capacitor 2004 and
the variable resistor 2002, the voltage waveform of the
exponential function is generated at the non-inverted
input terminal of the voltage follower circuit 2009. The
voltage waveform has a value which varies according
to the capacitance of capacitor 200 and the resistance of
variable resistor 2002. Therefore, the larger the value of
strength signal 909, the larger the resistance value of

variable resistor 2002 and the larger the voltage wave- 40

form. Additionally, the direction in which the voltage is
applied is determined by the output of sign signal 108.

Voltage follower circuit 2009 functions to reduce the
impedance of the voltage applied to the non-inverted
input terminal and produce a voltage waveform having
reduced impedance. Further, the voltages V0 and V4
generated by function waveform generating circuits
1705 and 1706 are combined with voltages V0 and V5 as
a Y power source 1601 and are output to liquid crystal
unit 101.

The voltages V0, V2, V3 and VS5 are combined as X
power source 107 and are output to liquid crystal unit
101. At this time, in accordance with I as in put by sign
signal 108 and strength signal 909, a voltage having a
different direction and value of the exponential function
waveform, or the voltage having the trigonometric
function waveform similar to the exponential function
waveform, is superimposed and is applied to the non-
selected voltage.

In .CD 1600 when the selected electrode is changed
from the nth common electrode to the (n+ 1)th com-
mon electrode on liquid crystal panel 201, the exponen-
tial function voltage waveform or the trigonometric
function waveform, which is closely expressed by an
exponential function voltage waveform having a peak
value corresponding to the difference I between the
values of ON dots on the nth common electrode and
(n+ 1)th common electrode, is output as the non-
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selected voltage of Y power source 1606. The output
voltage waveform has a direction opposed to the direc-
tion of the spiked-shape noise waveform and the same
shape as that of the spike-shaped noise waveform. By
superimposing the output waveform on the noise wave-
form, the spike-shaped noise waveform is substantially
omitted, compensating the voltages applied to the re-
spective display dots 204 improving display quality
without zebra crosstalk. As discussed above, such a
compensation is carried out by supernimposing the func-
tion waveform on the non-selected voltage. This struc-
ture is referred to as “the function waveform compensa-
tion of the non-selective voltage”.

In LCDs 100, 900, 1400 and 1600, the non-selected
voltages are compensated in accordance with the value
I. However, the same effects can be obtained by com-
pensating the ON/OFF voltages in accordance with the
value I, making it possible to provide an improved dis-
play quality without zebra crosstalk.

Accordingly, reference is made to FIG. 47 in which
a block diagram of a fifth embodiment of an LCD,
generally indicated as 2100, for compensating the per-
10d during which the ON/OFF voltages are applied is
provided. The constituent parts of LCD 2100 operate in
the same manner as LCD 100 with the exception of a
power circuit 21085, a Y power source 2106 generated
by power source circuit 2105 and an X power source
2107. Like numbers are utilized to indicate like struc-
ture.

Upon the mnput of sign signal 108 and strength signal
109, power source circuit 2108 outputs X power source
2107 of variable ON/OFF voltages and Y power source
2106 of which the selected/non-selected voltages are
fixed.

Reference 1s now made to FIG. 48 wherein a circuit
diagram of power circuit 2105 is provided. A plurality
of resistors 2201 through 2213 are serially connected
providing associated voltage dividers. Voltages VOU
and VSL are applied across the ends of the resistor
series. The voltages VOU, VON, V0L, V1, V2U, V2L,
V3U, V3N, V3L, V4, V§U, V5N and VSL are the
divided voltages generated at the terminals of respec-
tive resistors 2201 through 2213. The voitage values are
set and may be expressed by the following equations:

VON — V] = V1 — V2N
VIN — V4 = V4 — V3N

= (V2N — V3N)/(n — 4) (n is a constant)
Further,

(VON — VOL)/(VON — V1)
(V2N — V2L)/(V1 — V2N)
(V3U — VIN)/(VIN — V4)

(V35U — V3N)/(V4 — V3N)
urthermore,

(VOU — VIN)/(VON — P1)
(V2U — R2N)/(V1 — V2N)
(V3N — V3L)/(V3N — V4)
(VSN — VSL)/(V4 — V5N)

L
.

—
.

The divided voltages VON through V5N which are
obtained at the terminals of respective resistors 2201
through 2213 are each stabilized by a voltage stabilizing
circuit 510 as in power circuit 105. Four switches 2214
through 2217 each recetve sign signal 108 and strength
signal 109 and selected switch position based upon the
signal values. For example, when strength signal 109 is
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active and sign signal 108 indicates a positive sign, re-
spective switches 2214 through 2217 select the follow-
ing voltages:

switch 2214—Voltage VOU

switch 2215—Voltage V2U 5

switch 2216—Voltage V3L

switch 2217-—Voltage VSL

Further, when sign signal 108 indicates a negative

value, respective switches 2214 through 2217 select the

following voltages: 10
switch 2214—Voltage VOL

switch 2215—Voltage V2L

switch 2216—Voltage V3U )
Furthermore, when strength signal 109 is not active,
respective switches 2214 through 2217 select the fol- 15
lowing voltages, regardless of the condition of sign
-signal 108:

switch 2214—Voltage VON

switch 2215—Voltage V2N

switch 2216—Voltage V3N 20

switch 2217—Voltage VSN

When the voltages output by switches 2214 through
2217 are V0, V2, V3 and VS5, power circuit 2105 outputs
a combined voltage of V0, V2, V3 and V3§ as X power
source 2107 and outputs a combined voltage of VON, 25
V1, V4 and V5V as Y power source 2106. The voltage -
of Y power source 2016 and the voltage of X power
source 2107 are applied to liquid crystal unit 101 as
either of two sets.

In the first set, the combined voltage YON of Y 30
power source 2106 is the selected voltage and the volt-
age V4 of Y power source 2106 is the non-selected
voltage. The voltage V5 of X power source 2107 is the
ON voltage and the voltage V3 of X power source 1s
the OFF voltage. In the second set the voltage VSN of 35
Y power source 2106 is the selected voltage and the
voltage V1 of Y power source 2106 is the non-selected
voltage. The voltage V0 of X power source 2107 1s the
ON voltage and the voltage V2 of X power source 2107
is the OFF voltage. Either of the two sets of controlling 40
voltages is selected in the same manner as in LCD 100.

When the selection of common electrodes Y1
through Y6 on the liquid crystal panel 210 i1s changed
from the common electrode to the (n4 1)th common
electrode and the difference I between the number of 45
ON dots on both the nth and (n+ 1)th common elec-
trodes is positive, the voltages VOU, V2U, V3L and
V5L are applied as the voltages V0, V2, V3 and V3§ by
X power source 2107 to liquid crystal unit 101 for a
period corresponding to the absolute value of 1. Con- 50
versely, when I has a negative value the voltages VOL,
V2L, V3U and V5U are applied to liquid crystal unit
101 as the voltages V0, V2, V3 and V3 for a period
corresponding to the absolute value of I.

Reference is now made to FIGS. 49A-49C where 55
waveforms for producing the display of FIG. 32 by
LCD 2100 is provided. FIG. 49A illustrates a voltage
waveform applied to segment electrode X4 for forming
display dot 601. FIG. 49B illustrates a voltage wave-
form applied to common electrode Y3 for forming dis- 60
play dot 601. FIG. 49C illustrates the combined voltage
waveform applied to the display dot 601.

As discussed above, when the selected electrode 1is
moved from one common electrode to the next com-
mon electrode, the greater the difference I between the 65
number of ON dots on the common electrode and the
number of ON dots on the next selected common elec-
trode, the larger the spike-shaped noise waveform su-
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perimposed to the non-selected voltage becomes. How-
ever, as seen in FIG. 49A ON/OFF voltages are
changed in the direction of generated superimposed
spike-shaped noise and the penod during which the
ON/OFF voltages are changed is increased according
to the difference I, as shown in periods T1, T2 and T3.
Under such a construction, it is possible to provide an
improved display without zebra crosstalk by compen-
sating the effective voltage. As noted above, ON/OFF
voltages are changed for the period corresponding to
the value I, thereby obtaining the same effects as in
LCD 100, 900, 1400 and 1600. The above mentioned
compensation is known as “time base compensation of
ON/OFF voltages”.

In a sixth embodiment, it is possible to compensate
the voltage base, the time-voltage base, or the func-
tional waveform of the ON/OFF voltages. In these
cases, the same effects as those of LCD 2100 can be
obtained. Further, it is also possible to compensate the
voltage base, the time-voltage base or the functional
waveform of non-selected voltage and either the ON
voltage or the OFF voltage, or all three voltages. Addi-

- tionally, such constructions are easily achieved based

upon the above described embodiments therefore the
description of the constructions are omitted herein.

As mentioned above, in each of the embodiments
when the selected common electrode Y1 through Y6 is
changed from one common electrode to the next com-
mon electrode, the non-selected voltage, or the ON/-
OFF voltages are changed in accordance with the dif-
ference I between the number of ON dots of the one
common electrode and the next selected common elec-
trode, thereby making it possible to provide an im-
proved display quality without zebra crosstalk. While
specific embodiments have been illustrated and de-
scribed herein, the means for compensating the voltage
is not limited thereto. It is also possible to utilize any
means that can compensate the effective voltages ap-
plied to the display dots in accordance with the value of
L

Reference is now made to FIG. 50 wherein a block
diagram of a seventh embodiment of an LCD, generally
indicated as 2400 for providing a display without hori-
zontal crosstalk. As discussed above, the degree of hori-
zontal crosstalk is determined by the number of ON
dots on the selected common electrode. Therefore, it is
necessary to compensate the waveform in accordance
with a counted value Z during operation of the hiquid
crystal display device.

LCD 2400 includes a compensation circuit 2409 for
counting the number of ON dots Z on the next selected
common electrode and producing a strength signal 2409
for a period corresponding to the value Z. Compensa-
tion circuit 2404 receives data signal 103 and control
signal 102 and calculates Z in synchronism with 51gnal
LP of control signal 102. A power circuit 2405 receives
strength signal 2409, and outputs a Y power source 2406
and an X power source 107. Power source 106 includes
a selected voltage which may be varied. The voltage
width of the selected voltage is uniform, and the period
of the changed voltage width is defined by strength
signal 2409. Accordingly, the period of the selected
voltage is varied according to the value Z. Therefore,

the selected voltage is compensated by varying the

period according to the value Z counted by the com-
pensation circuit 2404.

Reference is now made to FIG. §1 wherein an exem-
plary embodiment of compensation circuit 2404 is pro-
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vided. A counter circuit 2501 and a count holding cir-
cuit 2502 operate in the same manner as counter circuit
401 and count holding circuit 402. Generally, the value
Moy of ON dots of the next selected common electrode
is counted by counter circuit 2501 and is output as the
value Z into count holding circuit 2502. A pulse width
control circuit 2503 receives the output of count hold-
ing circuit 2502 and signal LP and is triggered by output
strength signal 2409 which 1s active for a period corre-
sponding to the value Z. The output of puilse width

control circuit 2503 is triggered by the falling edge of

signal LP of control signal 102.
The period W over which strength signal 2409 is
active is represented by the following equation:

W=3a;ZV/k 4 Zb 217k

ar and b are constants. K is a natural number. In com-
pensation circuit 2404 the period is represented by the
following equation:

W=ag+a1Z+a32Z%+ b Z}

Compensation circuit 2404 comprises the above con-
struction. Therefore, when the selected common elec-
trode changes from the nth common electrode to the
(n+1th common electrode, strength signal 2409 1s
output for a period in accordance with the value Z of
ON dots on the (n+41)th common electrode.

Reference is now made to FIG. 51 in which circuit
diagram for power circuit 2408 is provided. A plurality
of resistors 2601 through 2607 are serially connected
forming associated voltage dividers. Voltages VOU and
451. are applied across each end of the series of resistors.

Accordingly, voltages VOU, VON, V1, V2, V3, V4,
VSN and VSL are the voltages generated at the respec-
tive terminals of resistors 2601 through 2607. The rela-
tionship among the respective voltages is defined as
follows:

VWON - Vi=V1 - V2
Vi — V4 = V4 — VSN

(V2 — V3)/(n — 4) (nis a constant).
Further,

(U — ONY/(V1 - V2)
(VSN — V5L)Y/ (V4 — V5N)

Furthermore, the voltages VON through VSN gener-
ated by the above resistors 2601 through 2607 are stabi-
lized by a respective voltage stabilizing circuit 5§10 in
the same manner as in power circuit 108.

Two switches 2608 and 2609 each receive strength
signal 2409. Switch 2608 receives VOU and VON as
inputs and switch 2609 receives switch VSL and VSN
as inputs. Switches 2608 and 2609 select the appropnate
voltages based upon strength signal 2409. When
strength signal 2409 is active, switches 2608 and 2609
are select voltages VOU and V5L, respectively. When
strength signal 2409 is not active switches 2608 and 2609
select voltages VON and VSN, respectively. The volt-
ages output by switches 2608 and 2609 are output volt-
ages V0 and V3. Y power source 2406 includes voltages
V0 and V§ and voltages V1 and V2. Voltages VON,
V2, V3 and V5N are output as X power source 107.
When strength signal 2409 generated by compensation
circuit 2404 1s active, voltages VOU and V3L are output
as voltages V0 and V5 of Y power source 106. When
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strength signal 2409 is not active, voltages VON and
V5N are output as Y power source 106.

Furthermore, the selected voltage, non-selected volt-
age, ON voltage and OFF voltage are applied to liquid
crystal unit 101 in two sets by Y power source 2406 and
X power source 107 as in the above embodiments. The
selected voltage of Y power source 2406 is varied 1in
accordance with values of Z. In LCD 2600 when the
selected common electrode is changed from the nth
common electrode to the (n+ 1)th common electrode of
liquid crystal panel 201, voltages VOU and V6L not
VON and V5N, are generated as voltages V0 and VS of
Y power source 2406 for a period corresponding to the
value Z of ON dots on the (n+ 1)th common electrode.

Reference is now made to FIGS. §3-85C in which
one embodiment of a display pattern formed in accor-
dance with LCD 2600 is provided. FIG. 54A illustrates
a voltage waveform applied to segment electrode X1 to
form an ON dot 2701. FIG. 54B illustrates a voltage
waveform applied to common electrode Y4 to form ON
dot 2701. FIG. §55C illustrates a combined voltage
waveform applied at ON dot 2701.

Similarly, FIG. 55A illustrates a voltage waveform
applied to segment electrode X1 to form an ON dot
2702. FIG. 55B illustrates a voltage waveform applied
to common electrode Y4 to form ON dot 2702. FIG.
§5C illustrates a combined voltage waveform applied to
ON dot 2702. Voltages applied by Y power source 2406
and Y power source 107 are represented by dashed
lines.

Reference is also made to FIGS. §6 and 57 in which
a region of FIG. 55B, generally indicated as 2801 and an
exploded view of FIG. §6B, generally indicated as 2901,
are provided. A rounded waveform 3001 is generated 1n
second common electrode Y2 when common electrode
Y2 is switched from the non-selected voltage to the
selected voltage. A waveform of the selected voltage
3002 is applied by Y power source 2406, resulting 1n a
combined waveform 3003, voltage waveform 3003 is
applied to second common electrode Y2.

Similarly, a round waveform 3101 is generated in
fourth common electrode Y4 when switched from the
non-selected voltage to the selected voltage. Again a
selective voltage waveform 3102 is applied by Y power
source 2406. A waveform 3013 is obtained by the com-
bination of waveforms 3101 and 3102, and 1s the actual
voltage waveform applied to the fourth common elec-
trode Y4.

Herein, when the display pattern shown in FIG. §3 i1s
formed, the respective values for Z of ON dots on com-
mon electrode substrate 202 are as follows:

first common electrode Y1
second common electrode Y2
third common electrode Y3
fourth common electrode Y4
fifth common electrode Y5
sixth common electrode Y6

NNNNNN
oo
O~ QCO0OWnOo

As 1s apparent from the comparison between wave-
form 3001 and waveform 3101, a larger rounded wave-
form may occur on second common electrode Y2, than
on fifth common electrode YS, when switching from
non-selected voltage to the selected voltage occurs.
However, waveform 3002 of the selected voltage
changes more quickly in the direction in which voltage
on the common electrode 1s applied and for a longer
time than those of waveform 3102. Accordingly, the
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selected voltages are compensatively applied in accor-
dance with the respective degree of the roundness of
each waveform 3101, resulting in no difference between
the effective voltage applied to ON dots 2701 and 2702,
respectively. Therefore, it is possible to provide a supe-
rior display quality without horizontal crosstalk.

As noted, 1t 1s possible to provide an improved dis-
play without horizontal crosstalk by compensating the
period during which the selected voltage is applied in
accordance with a value Z of ON dots on the selected
common electrode.

In an eighth embodiment, it is also possible to com-
pensate the voltage base, the time-voltage base, or the
functional waveform of the selected voltage in accor-
dance with the value Z of the ON dots on the selected
‘common electrode as in FIG. 28. The same effects as
those of LCD 2400 can then be obtained. In a ninth
embodiment, it is possible to compensate the voltage,
the time-voltage base or the functional waveform of the
ON voltage and the OFF voltage in accordance with
the value Z of the ON dots on the selected common
electrodes of substrate 202

Reference is made to FIG. 58 in which a block dla-
gram of a tenth embodiment of an LCD, generally indi-
cated as 3200, which displays a pattern without vertical
crosstalk 1s provided. As mentioned above, the degree
of vertical crosstalk is determined by the difference T’
between the number T of ON dots and the value L of
OFF dots on the liquid crystal panel. Since the sum of

T and L is G, the total number of display dots on the 30

liquid crystal panel, T' 1s expressed by the followmg
equation:

T T'—L
- (G- 1)
2 X T — G (Gis a constant).

|

Therefore, when the liquid crystal display device is

operated, it is not necessary to count both the values T 40

and L, but only the value T and then compensate the
applied voltage in accordance with the value T.

LCD 3200 includes a compensation circuit which
receives data signal 103, signal XSCL and signal DIN
and counts the number of ON dots on hquid crystal
panel 201. Compensation circuit 3204 outputs a strength
signal 3209 to a power circuit 3205. Power circuit 3205
shifts the potential value of the OFF voltage of Y power
source 3206 in accordance with the input value of

strength signal 3209. It thus becomes possible to prevent 50

vertical crosstalk and provide a superior display.

Reference is now made to FIG. §9 in which a block
diagram of compensation circuit 3204 is provided. A
counter circuit 3301 counts the total number of ON dots
on liquid crystal panel 201 and more particularly,
counts the number of ON dots for a period between
successive signal DINs of control signal 102 when data
signal 103 is active and at the falling edge of signal
XSCL. The counted number is then output to a counter
holding circuit 3302. The counted number of counter
circuit 3301 is returned to zero. Counter circuit 3301
again counts the number of ON dots. By such a con-
struction, it is possibie to count the value T of the ON
dots on liquid crystal panel 201. In addition, it is not
required to make an errorless count. Errors of up to
approximately five percent of the total number of dis-
play dots 204 on liquid crystal panel 201 do not eftect
the quality of the display.
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Counter holding circuit 3302 is provided to hold the
value T generated by counter circuit 3301. The counted
value T is output as strength signal 3209. Thus, compen-
sation circuit 3204 outputs the value T of ON dots on
liquid crystal panel 201 as strength signal 3209.

Reference is now made to FIG. 60 in which a circuit
diagram of power circuit 3205 is provided. Three resis-
tors 3401, 3402, 3403 are serially connected. Voltages
V0 and VS5 are applied across the ends of the series of
connected resistors providing voltage dividers. The
divided voltage V0, V2, V3 and VS represent the di-

vided voltages at the terminals of respective resistors

3401, 3202 and 3403. The respective voltage values are
predetermined and represented as follows:

(W—-V2)/2=(V3i--V¥3)/2

Further, to stabilize the voltages V2 and V3, a voltage
stabilizing circuit 5§10 which functions identically as in

power circuit 105 is provided.
Herein, the voltages VIN and V4N are defined as

follows:
VIN=(V0+ 12)/2
VAN=(V3+4V3)/2

The voltages VIN and V4N are set to be an interme-
diate voltage between voltages V0 and V2, and an inter-
mediate voltage between the voltages V3 and V3§, re-
spectively.

Voltage generating circuits 3405 and 3406 receive

strength signal 3209 and generate output voltages
which are varied in accordance with changing values of

strength signal 3209. Voltage generating circuits 3405
and 3406 comprise a digital to analogue convertor.
Herein, P, the strength signal 3209, is defined as follows:

P=T—(yXG)

where G indicates the total number of dots on liquid
crystal panel 201 and v is approximately 4. In an exem-
plary embodiment, ¥yis 3.

Voltage generating circuit 340S is controlled to out-
put a voltage VIN which is shifted in accordance with
the absolute value of P in the direction of voltage V2
when P is positive (T >(y X G) and in the direction of
the voltage V0 when P is negative (T <(y X G). Simi-
larly, when the value T of the strength signal 3209 is
larger than the constant (yX@G), voltage generating
circuit 3406 outputs a voltage corresponding to the
absolute value of P which is shifted in the direction of
the voltage V3 relative to the voltage V4. When the
value T of strength signal 3209 is smaller than the con-
stant, the voltage generating circuit 3406 outputs a volt-
age corresponding to the absolute value of P which is
shifted in the direction of the voltage V relative to
voltage V4. The voltage generated by voltage generat-
ing circuits 3405 and 3406 serve as V1 and V4. Voltages
V1, V4 and voltages VO and VS are generated by the
power circuit 3205 as a Y power source 3206. The volt-
age V0, V2 and VS5 are generated by power circuit 3205
as an X power source 3207. Y power source 3206 and X
power source 3207 are applied to liquid crystal panel
201 in either set as discussed above in the other embodi-
ments. The voltages V1 and V4 are non-selected volt-
ages of Y power source 3206 and their potential values
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are changed in accordance with the value T as dis-
cussed above.

In LCD 3200, when a small number of dots on liquid
crystal panel 201 are in the ON state, the non-selected
voltage of Y power source 3206 has a value approximat-
ing the ON voltage. However, when a large number of
dots on liquid crystal panel 201 are in the ON state, the
non-selected voltage has a value approximating the
OFF voltage.

Reference is now made to FIGS. 61 through 62C in
which one embodiment of a display pattern and wave-
forms input to LCD 3200 are provided. Liquid crystal
panel 201 provides display pattern having a small num-
ber of ON dots. FIG. 62A illustrates a voltage wave-
form applied to segment electrode X6 to form a ON dot
3501. FI1G. 63B illustrates a voltage waveform applied
to common electrode Y3 to form ON dot 3501. FIG.
63C shows the combined voltage waveform applied at
ON dot 3501.

A voltage 3601 is the voltage to be shifted on the
common electrode. A voltage 3602 is the non-selected
voltage generated by Y power source 3206. A voltage
3603 on the common electrode is obtained by combin-
ing voltages 3601 and 3602.

Since the display pattern has a small number of ON
dots on the hquid crystal panel 201 (T <y¥X@G), the
non-selected voltage on the common electrode is likely
to be changed to a value approximating the non-
selected voltage as shown in voltage 3601. However,
since the display pattern has a small number of ON dots
on liquid crystal panel 201, the non-selected voltage
generated by Y power source 3206 approximates the
ON voltage, as shown by voltage 3602. Accordingly,
voltage 3603 is compensated to be an intermediate value
between the ON/OFF voltages, resulting in no differ-
ence between the effective voltages applied to the dis-
play dots of liquid crystal panel 201.

Conversely, when the display pattern has a large
number of ON dots on liquid crystal pane! 201
(T >(y X G)), the non-selected voltage on the common
electrode 1s likely to be changed to a value near the
OFF voltage. However, since the display pattern has a
large number of ON dots on liquid crystal panel 201
(Mon), the selected voltage generated by Y power
source 3206 approximates the OFF voltage, so that the
voltage 1s compensated in the same way.

As discussed, the value of the non-selected voltage is
changed in accordance with the value T of the number
of ON dots on liquid crystal panel 201, thereby making
it possible to provide a good display quality without
vertical crosstalk.

In an eleventh embodiment the value of ON/OFF
voltages may also be changed in accordance with the
value T of the number of ON dots on liquid crystal
panel 201, to obtain the same effects. Namely, rather
than compensate the value of the non-selected voltage,
ON/OFF voltages can be changed by the same value
and in the same direction as the value and the direction
in which the non-selected voltage applied to the com-
mon electrode is likely to be changed, thereby making it
possible to provide a high quality of display without any
vertical crosstalk.

While specific embodiments have been illustrated and
described herein, the means for compensating the volt-
age 1s not limited thereto. It is also possible to apply any
means that can compensate the difference of the effec-
tive voltages generated in accordance with the value T
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of the number of ON dots on the liquid crystal panel
201.

Reference is now made to FIG. 63 in which a block
diagram of a twelfth embodiment of an LCD, generally
indicated as 3700, for providing a display without inver-
sion crosstalk is provided. As mentioned above, if the
polarity is reversed when the selected common elec-
trode 1s switched from the nth common electrode to the
(n+ 1)th common electrode, the degree of inversion
crosstalk is determined by a value F which is the differ-
ence between the sum of the display dots and the sum of
the ON dots on both the nth and (n+1)th common
electrodes. Therefore, at the time of changing the LCD,
it is necessary to count the value F and compensate the
voltage in accordance with the value F.

The construction of LCD 3700 is the same as that of
LCD 100 with the exception of a compensation circuit
3704, a sign signal 3708 and a strength signal 3709. Like
numerals are utilized to indicate like structure.

Upon the inputting of control signal 102 and data
signal 103 to compensation circuit 3704, the value F is
counted by compensation circuit 3704 and the sign of F
is output as sign signal 3708 by compensation circuit
3704. Further, strength signal 3709 which is generated
for a period corresponding to the absolute value of F is
also output by compensation circuit 3704 in synchro-
nism with signal LP when signal FR of control signal
102 changes. Power circuit 105 receives both strength
signal 3709 and sign signal 3708. Upon the input of sign
signal 3708 and strength signal 3709, power circuit 105
changes the non-selected voltage of Y power source 106
to compensate the applied voltage.

Reference is now made to FIG. 64 wherein a block
diagram of compensation circuit 3704 is provided.
Compensation circuit 3704 includes counter circuit 401,
a first counter holding circuit 402 and a second counter
holding circuit 403 which all operate in the same way
manner as in compensation circuit 104. However, an
arithmetic circuit 3804 is provided to calculate the fol-
lowing equation:

F=—(Non+Mon—0)

Where Q is a number approximating the number of
segment electrodes X1 through X6. In an exemplary
embodiment, Q is predetermined as the number of seg-
ment electrodes X1 through X6. The sign of F obtained
by arithmetic circuit 3804 is output as a sign signal 3708
and the absolute value of F is output to a pulse width
control circuit 3805. Pulse width control circuit 3805
outputs strength signal 3709 which is generated over a
period corresponding to the absolute value of F in syn-
chronism with signal LP when signal FR of control
signal 102 changes. The relation between the output
period of strength signal 3709 and the absolute value of
F 1s the same as that of the pulse width control circuit
405. Further, sign signal 3708 and strength signal 3709
generated by compensation circuit 3704 operate in the
same manner as sign signal 108 and strength signal 109.

In compensation circuit 3704, if the polarity of F is
reversed when the selected electrode is switched from
the nth common electrode to the (n+1)th common
electrode, when the sum of the number of ON dots on
the nth and (n+ 1)th common electrodes is larger than
the number of segment electrodes X1 through X6, the
non-selected voltage applied to common electrodes Y1
through Y6 is changed for a period corresponding to
the difference between the number of ON dots and the
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number of segment electrodes in the direction of the

OFF voltage. However, when the sum of the number of

ON dots on the nth and (n+ 1)th common electrodes is
smaller than the number of segment electrodes X1
through X6, the non-selected voltage is changed for a
period corresponding to the difference between the
number of ON dots and segment electrodes in the direc-
tion of the ON voltage.

Reference is now made to FIGS. 65 through 70
which illustrate other embodiments of a display pattern
provided by LCD 3700. FIG. 66A illustrates a voltage
waveform applied to the segment electrode X6 to form
an ON dot 3901. FIG. 66B illustrates a voltage wave-

form apphied to common electrode Y4 to form ON dot
3901. FIG. 66C illustrates a combined voltage wave-
form applied to ON dot 3901. A spike-shaped noise
waveform 4101 (FIG. 67) is generated on the common
electrode. A waveform 4102 of the selected voltage is
applied by Y power source 107 to produce a waveform
4103 obtained by the combination of waveforms 4101
and 4102, on common electrode with a value V.

FIG. 69A illustrates a voltage waveform applied to
segment electrode X6 to form the display dot 4201.
FIG. 69B illustrates a voltage waveform applied to
segment electrode Y4 to form display dot 4201. FIG.
69C illustrates a combined waveform of the voltage
applied at the display dot 4201.

Reference is now made to FIG. 70 in which an en-
larged area of FIG. 69B generally indicated as 4001 is
provided. A spike-shaped noise waveform 4401 1s gen-
erated on the common electrode. A waveform 4102 of
the non-selected voltage of Y power source 1s applied to
the common electrode 107 resulting in waveform 4101

obtained by the combination of waveforms 4401 and
4402. In addition, FIGS. 67 and 70 are enlarged 1n a

constant ratio. So that herein, in FIG. 65, the value of F
is —2 (F=—-2), while in FIG. 68, the value F 1s —4.
(F= —4) The resulting voltage of FIG. 70 becomes a
larger rounded waveform 4401 than the waveform 4101
of the resulting voltage of FIG. 66.

However, the non-selected voltage is compensatively
changed and the voltage waveform 4402 1s applied for a
longer period than that of the voltage waveform 4102,
in accordance with the value F to prevent any noise
waveform. By such a construction, the non-selected
voltage is compensated, and no difference arises be-
tween the effective voltage applied to the display dots
as shown in FIGS. 66C and 69C. As mentioned above,
the period of the non-selected voltage i1s compensated in
accordance with the value F, thereby making it possible
to improve the display quality during the reversing of
the polarity.

In a thirteenth embodiment, 1t is possible to compen-
sate the voltage base, the time-voltage base, or the func-
tional waveform of the non-selected voltage in accor-
dance with the value F. Thus, the same effects as those
obtained by I.CD 3700 can be obtained.

In a fourteenth embodiment, it is also possible to
compensate the voltage base, the time-voltage base, or
the functional waveform of ON/OFF voltages in accor-

dance with the value F. In this case, the same effects as

those of LCD 2400 can be obtained.

While specific embodiments have been illustrated and
described herein, the means for compensating the volt-
age is not limited thereto. It is also possible to apply any
means that can compensate the difference of the effec-
tive voltages on the common electrodes Y1 through Y6
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by changing the non-selected voltage accordmg to the
value F.

To provide an improved high quality display without
respective modes of crosstalk, several embodiments
have been illustrated and described above. The values
according to the kinds and degree of the crosstalk are
not limited to the values I, Z, T and ¥ mentioned above.

For example, it has been explained that horizontal
crosstalk is determined by the number Mon of ON dots
on the selected common electrode, that is, the value Z.
In particular, as a result of the analysis of the charge/-
discharge between the common and segment electrodes
at the time of selecting the common electrodes, a value

Z' is derived and expressed by the following equation:
Z =MoNn+O0X(MoNn- NoN),

where & is a constant based upon the liquid crystal
material and driving method. In an exemplary embodi-
ment |6| =Z. Z’ is defined by the relationship between
the display pattern and the crosstalk and in accordance
with the value Z’ the voltage is compensated, thereby
making it possible to better improve display quality
without horizontal crosstalk. In addition, the above
equation, Z'Mon+86 X(Mon—Non) is calculated from
the following equation:

Z =Mon+8X(d—¢)

Herein, c is the number of segment electrodes which are
switched from an ON voltage to an OFF voltage when
the selected common electrode is changed to the next
common electrode. d is the number of segment elec-
trodes which are switched from an OFF voltage to an

ON voltage during this period.
Due to crosstalk, changes in the voltages applied to

the segment electrodes affect the voltages applied to the
common electrodes. When the voltage on the common
electrode is changed from the non-selected voltage to
the selected voltage, it is possible to prevent the voltage
on the common electrode from being changed to a
selected voltage through crosstalk by calculating a
value M corresponding to the horizontal crosstalk; that
is, to increase the size of a rounded waveform. Herein,
the direction in which the voltage is changed on the
segment electrodes which are switched from an ON
voltage to an OFF voltage is in the direction opposed to
the direction in which the voltage 1s changed on the
common electrodes, therefore it 1s possible to prevent
the voltage on the common electrode from being
changed to the selected voltage. Conversely, since the
direction of the voltage change on the segment elec-
trodes which are switched from an OFF voltage to an
ON voltage is the same voltage and the same direction
in which the voltage is changed on the common elec-
trodes, the segment electrode serves to change the volt-
age on the common electrode to the selected voltage to
some degree. Therefore, the degree of rounded wave-
form is determined by the difference (d —c) between the
number ¢ of segment electrodes which are switched
from an ON voltage to an OFF voltage and the number
d of segment electrodes which are switched from an
OFF voltage to an ON voltage, when the voltage on the
common electrodes is changed to the selected voltage.

Reference is now made to FIG. 71 in which a block
diagram of a fifteenth embodiment of an LCD, gener-
ally indicated as 4500, for compensating crosstalk ac-
cording to a value Z’ is provided. LCD 4500 includes
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structure operated in the same manner as in LCD 2400
with the exception of a compensation circuit 4504, a
strength signal 4509 generated by compensation circuit
4504, and a Y power source 4506 generated by power

circuit 2405. Like structure is identified by like numer-
als.

Compensation circuit 4504 receives data signal 103
and control signal 102 as inputs. Upon the inputting of
control signal 102 and data signal 103, compensation
circuit 4504 counts the value of Z'. Compensation cir-
cuit 4504 outputs a strength signal 4509 in synchronism
with signal LP of control signal 102. Strength signal
4509 1s active for a period corresponding to the absolute
value of Z'. Upon receipt of strength signal 4509, power
circuit 2405 changes the selected voltage of Y power
source 4506 to compensate the applied voltage.

Reference is now made to FIG. 72 in which a block

3

10

15

diagram of compensation circuit 4504 is provided.

Compensation circuit 4504 includes a counter circuit
401, a first counter holding circuit 402 and a second
counter holding circuit 403 which operate in the same
marnner as compensation circuit 104. An operative cir-
cutt 4604 1s provided to perform the following calcula-
tion:

Z=Mon+dX(Mon—Non)

The value Z’ obtained by the above equation is output
to a pulse width control circuit 405. Upon the input of
Z' from operative circuit 4604, strength signal 4509

20

25

which is active for the period corresponding to both Z' 30

and a constant s is output from pulse width control
circuit 405. Constant s 1s defined as the product of the
number of segment electrodes X1 through X6 on liquid
crystal panel 201 and §, within a range that the value Z’
1S not negative. Because compensation circuit 4504 has
the above construction, the selected voltage is changed
dunng a period corresponding to the value Z' when nth
common electrode is selected.

Reference is now made to FIG. 73 wherein one em-
bodiment of a display pattern in which the above con-
struction 1s applied to liquid crystal panel 201. Addition-
ally, reference is made to FIG. 74 wherein a display
condition after compensating the applied voltage to
prevent horizontal crosstalk is provided. A remaining
crosstalk 4801 (hereinafter referred to as a fine horizon-
tal crosstalk) remains on liquid crystal panel 201 after
compensating the applied voltage in accordance with
the above construction. The fine horizontal crosstalk
occurs on the common electrodes disposed at the
boundary of ON/OFF dots, as shown in FIG. 74.

- Herein, when the display pattern shown in FIG. 74 is
formed, the respective values Z’ are as follows:

first common electrode Y1
second common electrode Y2
third common electrode Y3
fourth common electrode Y4
fifth common electrode Y5
sixth common electrode Y6
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Reference is now made to FIGS. 75 and 76 wherein
exploded views of the waveforms of third common
electrode Y3 and fourth common electrode Y4 when
they are respectively changed from the non-selected
voltage to the selected voltage is provided. A rounded
waveform 4901 is generated in third common electrode
Y3. A changing waveform 4902 is applied as the se-
lected voltage resulting in a combined waveform 4903
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obtained by the combination of the waveforms 4901 and
4902. Waveform 490 is the voltage applied to third
common electrode Y3.

Similarly, as seen in FIG. 76, a rounded waveform
5001 1s generated in fourth common electrode Y4. A
changing waveform 5002 is applied as the selected volt-
age resulting in a waveform 5003 obtained by the com-
bination of the waveforms 5001 and 5002. Waveform
5003 is the voltage applied to fourth common electrode
Y4. |

In FIG. 73, when the selected electrode is changed
from first common electrode Y1 to second common
electrode Y2, a rounded waveform 4901 may be gener-
ated in accordance with the number Monor Z (=4) of
ON dots on second common electrode Y2 and the dif-
ference Mon—Non (=4) between the number of ON
dots on first common electrode Y1 and second common
electrode Y2. Similarly, in FIG. 73, when the selected
electrode is changed from third common electrode Y3
to fourth common electrode Y4, a rounded waveform
5001 may be generated in accordance with the number
Monor Z (=4) of ON dots on third common electrode
Y3 and the difference Mon—Non (=0) between the
number of ON dots on second common electrode Y2
and third common electrode Y3. As can be seen from a
comparison between waveform 4901 and waveform
5001, waveform 4901 may have larger rounded section
than that of waveform 5001 due to the difference in the
number of ON dots. However, the waveform 4902 of
the selected voltage is changed for a longer time than
the selected voltage of the waveform 5002. By such a
construction, waveform 4903 and waveform 5003 are
compensated, resulting in an improved display without
fine horizontal crosstalk.

As mentioned above, charge/discharge between the
common and segment electrodes which are generated
according to the display pattern on the liquid crystal
panel 201 is analyzed. Based on the analysis, the differ-
ences of the effective voltages applied to the display
dots are compensated by changing the voltages applied
to the common electrodes Y1 through Y6 and the seg-
ment electrodes X1 through X6, resulting in an im-
proved display. Further, charge/discharge between
adjacent segment electrodes X1 through X6 through
common electrodes Y1 through Y6 and charge/dis-
charge between adjacent segment electrodes X1
through X6 through common electrodes Y1 through Y6
are analyzed. Based on the analysis, the difference of the
effective voltages applied to the display dots are com-
pensated by changing the voltages applied to the com-
mon electrodes Y1 through Y6 and the segment elec-
trodes X1 through X6, resulting in an improved display.

The same effects can be obtained by counting OFF
dots instead of ON dots. Furthermore, it is also possible
to eliminate additional crosstalk by weighing respective
ON dot positions when counting the number of ON
dots.

Additionally, it is also possible to combine several of
the above embodiments to simultaneously prevent sev-
eral kinds of crosstalk. Reference is now made to FIG.
77 in which a block diagram of a sixteenth embodiment
of an L.CD, generally indicated as 5100, for preventing
all four modes of crosstalk is provided. To prevent
zebra crosstalk, the time base compensation of non-
selected voltage is carried out according to the value 1.
To prevent horizontal crosstalk, the time base compen-
sation of the selected voltage is carried out in accor-
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dance with the value Z. To prevent vertical crosstalk,
the voltage base compensation of the non-selected volt-
age is carried out in accordance with the value T. To
prevent inversion crosstalk, the time base compensation
is carried out in accordance with the value of F.

L.CD 5100 includes a compensation circuit §104 and
a power circuit 5105. Compensation circuit 5104 re-
ceives data signal 103 and control signal 102 and gener-
ates a Y power source 5106 and an X power source
5107. The sign signal 8108, a first strength signal §109, a
second strength signal 5110, and a third strength signal
§111. Power circuit 5105 receives each of the outputs of
compensation circuit 5105 and produces a Y power
source 5106 and an X power source 5107.

Compensation circuit 5104 counts the value I, outputs
the sign (plus or minus) of 1, and outputs a signal which
is active for a period corresponding to the absolute
value of I as first strength signal 5109, in synchronism
with signal LP of control signal 102. However, when
signal FR changes, strength signal 5109 is not output.
Further, when FR signal changes, compensation circuit
§104 functions to count the value F, output the sign of
F as sign signal 5108 and output a signal which is active
for the period predetermined by the absolute value of F
as first strength signal 5109, in synchronism with signal
LP of control signal 102. Additionally, compensation
circuit 5104 simultaneously functions to count the value
T, and output the counted value as second strength
signal 5110. Furthermore, compensation circuit 5104
functions to count the value Z, and output a signal
which is active for the period corresponding to the
value Z as third strength signal 5111, in synchronism
with signal LP of control signal 102.

Power circuit 5105 functions to change at least one of
Y power source 5106 and X power source 5107 m ac-
cordance with the first, the second and the third
strength signals 510 through 5111 and sign signal 5108,
thereby making it possible to eliminate any crosstalk.

Reference is now made to FIG. 78 in which a block
diagram of compensation circuit §109 1s provided.
Compensation circuit 5109 includes a counter circuit
401, a first counter holding circuit 402, a second counter
holding circuit 403 and an operative circuit 404 which
all function in the same manner as in compensation
circuit 104. Counter circuit 401 counts the number of
ON dots, first counter holding circuit 402 stores the
value Moy and the second counter holding circuit 403
stores the value Non. Operative circuit 404 calculates
the value I

An arithmetic circuit 3804 counts the value F from
the value Moy stored in first counter holding circuit 402
and the value Nonstored in the second counter holding
circuit 403. A switching circuit 5206 receives the output
of operative circuit 404 and arithmetic circuit 3804 and
functions to pick up the sign of the value and the abso-
lute value of the value which is generated from either
the arithmetic circuit 404 or arithmetic circuit 3804.
When signal FR of control signal 102 has not changed,
switching circuit 520 functions to select the value I of
arithmetic circuit 404. When signal FR 1s changed,
switching circuit 5206 functions to select the value F of
arithmetic circuit 3804

Switching circuit 5206 outputs the sign of I or F as
sign signal 5108 and to output the value of I or F to a
pulse width control circuit 405. Pulse width control
circuit 405 function in the same way as in compensation
circuit 104; that is, functions to output a signal which 1s
active for a period corresponding to the absolute value
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of I or F as first strength signal 5109. Therefore, sign
signal 5108 and first strength signal 5109 indicate the
amount of the compensated voltage to prevent zebra
and inversion crosstalk.

A counter circuit 3301 and a counter holding circuit
3302 are provided and operate in the same manner as in
compensation circuit 3204. Counter circuit 3301 func-
tions to count the value T and to output the counted
value to holding circuit 3302 . Holding circuit 3302 then
outputs the value as second strength signal 5110. There-
fore, second strength signal 5110 indicates the amount
of the compensated voltage to prevent vertical cross-
talk.

A pulse width control circuit 2503 receives an input
from second holdmg circuit 403 and functions in the
same way as in compensation circuit 2404. Puise width
holding circuit outputs a signal which is active for a
period corresponding to the value Moy of first counter
holding circuit 402, that is, the value Z, as third strength
signal 5111. Therefore, third strength signal 5111 indi-
cates the amount of the compensated voltage to be
output to prevent horizontal crosstalk. Accordingly,
since compensation circuit 5109 has the above men-
tioned construction, the respective amount of compen-
sated voltage necessary to prevent the respective cross-
talks are output as respective compensated signals.

Reference is now made to FIG. 79 wherein a circuit
diagram for circuit 5105 is provided. Power circuit 5105
includes a plurality of resistors 5301 through 5308 con-
nected serially. Voltages VOU and VSL are applied
across both ends of the series of resistors creating volt-
age dividers at each resistors creating voltage dividers

at each resistor junction.
Voltage VOU, VON, V1, V2, V3, V4N, V5N, V5L

represent the voltages provided at the respective termi-
nals of resistors 5301 through 5308. The respective
voltage values are predetermined and may be formu-
lated as follows:

WON —~ VIN = VIN — V2
Vi — VAN = VAN — VSN

(V2 — V3)/(n — 4) (nis a constant).
Further,

(WOU — VON)/(VON — VIN)
(VSN — VSLY/(VAN — V5N)

w——
—

Furthermore, the voltages VON, V2, V3 and V5N are
stabilized by a voltage stabilizing circuit 510. Voltage
generating circuits 3405 and 3406 are provided at VIN
and V4N and function in the same way as those of
power circuit 3305 and the voltage generated from the
voltage generating circuits 3405 and 3406 are changed
by the second strength signal 5110.

Reference voltages 5309 and 5310 receive the output
of voltage generator 3405 while reference voltages 5311
and 5312 receive the output of voltage generator 3406.
The absolute value of reference voltage 5309 1s the same
as that of the reference voltage 5312. These reference
voltages have opposite signs on the basis of the voltages
V1IN and V4N, respectively. Similarly, reference volt-
ages 5310 and 5311 have the same absolute values, and
have the opposing signs (plus or minus) on the basis of
voltages VIN and V4N. Voltages 5310 and $311 are
defined as V1L and V4L.. A pair of switches 511 and
§12 function in the same way as those in power circuit
105 and ar switched by sign signal 5108 and first
strength signal 5§109. Namely, one of the voltages V1U,
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V1N and V1L is selected by switch 511, and one of the
voltages V4U, V4N and V4L is selected by switch 512.
The voltages generated from switches 5§11 and 512 are
defined as the voltages V1 and V4, respectively. A
second pair of switches 2608 and 2609 function in the 5
same say as those of power circuit 2405 and are
switched by third strength signal 5111. One of the volt-
ages VOU and VON is selected by switch 608 and one of
the voltage VSU and V5N is selected by switch 2609.
The voltages generated from the switches 2608 and 10
2609 are defined as the voltages V0, V8§ respectively.

The selected voltage of Y power source §106 is
changed by third strength signal 5111, and the non-
selected voltage is changed by sign signal 5108, first
strength signal 5109 and second strength signal §110.

The selected/non-selected voltage of Y power source
5106 is changed by compensating signals comprising the
sign signal, the first strength signal, second strength
signal and third strength signals for the above men-
tioned respective compensations. Herein, any 2zebra
crosstalk 1s compensated by the non-selected voltage
when signal FR of control signal 102 is not changed.
Any inversion crosstalk is compensated by the non-
selected voltage when signal FR is changed. Any hori-
zontal crosstalk is compensated by the selected volt-
ages. Any vertical crosstalk is compensated by chang-
ing the voltages VIN and V4N of the non-selected
voltage. Therefore, the means of compensating the
respective crosstalks are substantially independent and
can be easily combined.

LCD 5100, the period of the applied voltages are
compensated according to the values I, Z and F. How-
ever, in addition to the means of compensating the volt-
age waveforms described in connection with LCD
5100, when the other compensating means of the other
embodiments are combined, the same effects can be
obtained.

When the degree of a crosstalk is small in LCD 5100,
it is possible in a seventeenth embodiment to omit the
means for compensating the voltage waveforms and
simplify the construction of the circuits. For example,
when the degree of vertical crosstalk 1s so small as to
not affect the display quality, to simplify the construc-
tion of the circuits it is possible to omit counter circuit
3301 and counter holding circuit 3302 so as not to gen-
erate second strength signal 5110 and substitute voltage
generating circuits 3405 and 3406 for stabilizing circuit
510.

The preceding embodiments are given by way of
example and hence the present invention is not limited 50
to these embodiments. The present invention in an eigh-
teenth embodiment is also applicable to a liquid crystal
display device performing any other display such as
gray scale display wherein the voltage applied to the
segment electrodes is switched to ON/OFF voltages 55
for a period when the segment electrodes are selected.

In this case, the same effects can be obtained.

As mentioned above, according to the liquid crystal
display device of the present invention, at least one of
the voltage waveforms of the common electrodes and 60
the voltage waveforms of the segment electrodes is
compensated, based upon the conversion of the display
patterns of drawings or characters into a quantized
value, thereby making it possible to provide a remark-
ably improved display quality without crosstalk.

Reference is now again made to display matrix 700 of
FI1G. 80 in which a display of display dots dj and d;’ of
common electrodes Yy and Yy’ is less dense as described
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above and the display density of display dots dpand d,’
of common electrodes Y, and Y, are more dense. To
eliminate this density unevenness, a correction is made
to increase the voltage applied to display dots djand dy’
having a less dense display as well as to decrease the
voltage applied to display dots d, and d," which begin
with a more dense display. The density unevenness of
display dots d; and d,,’ of common electrodes Yjand Y,
is slight as described above and therefore not very obvi-
ous as it is positioned at an edge portion of the display
picture. Therefore, correction is not always necessary.
However, the density unevenness of display dots d,and
di’ of common electrodes Y, and Y1 becomes rather
obvious as they are positioned at the center of the dis-
play picture. Therefore, correction will be necessary.
Accordingly, one embodiment of the invention pro-
vides a method for correcting the selected voltage
which is applied at least to common electrodes Y, and
Y’ of segment electrodes X; and X, X;' and X',
thereby changing the voltage to be applied at display
dots d, and d;’. Then a selective voltage which 1s to be
applied at common electrodes Yjand Y, is corrected as
the need arises.

Reference is now made to FIGS. 83A-83C in which
the voltage waveforms applied to the common elec-
trodes are provided. The waveform of FIG. 83A is the
voltage waveform applied at common electrodes Y}
through Y,—1and Y2  through Y,'. FIG. 83B represents
a voltage waveform applied to common electrode Y,
while FIG. 83C illustrates a voltage waveform applied
at common electrode Y’

As seen in FIG. 83A predetermined selected voltages
Vqand Vg4 are alternatively applied during each frame
to common electrodes Y; through Y,_i and Y7
through Y,'. Similarly, as seen in FIG. 83B, when com-
mon electrodes Y, is selected, correction voltages Vi
and Vg1 having an absolute value relative to a reference
voltage V;are alternately applied to common electrode
Y, during each frame of FIG. 83A. The value of volt-
ages V1 and Vg are equal to voltage V,and Vgrespec-
tively less a correction amount & vi. Similarly, as seen
in FIG. 83C correction voltage Vg and Vg measured
against a reference voltage V; are applied to common
electrode Y1’ during each frame. Voltages Vg2 and Vg
correspond to the absolute value of Vzand Vgincreased
by a correction voltage A v, Voltages Vp and V. are
non-selective voltages.

The magnitude of correction factors i Viand § V3
will be properly set in accordance with the degree of
density unevenness of the display dots d, and d;’ that
may be obtained from experiment. Then, when density
unevenness occurs at display dots d; and d,' of common
electrodes Yyand Y,' which must be removed, a correc-
tion voltage larger than voltages V and Vzis applied at
common electrode Yy as in the case of common elec-
trode Y). A correction voltage smaller than voltages
Vaand Vgi1s applied to common electrode Y, as in the
case of common electrode Y,. The correction made
may be less than that needed in the case of common
electrodes Y1’ and Y, as these display dots occur near
the periphery of the picture and are less obvious.

Reference is now made to FIGS. 84A-84C in which
voltage waveforms applied to the common electrode in
accordance with a second embodiment of the invention
is provided. Selected voltage V ;and Vgsimilar to those
of the waveforms in FIGS. 83A-83C are applied to
common electrodes Y3 through Y,_; and Y5’ through
Y, as shown in FIG. 84A. As seen in FIG. 84B, correc-
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tion voltages Vg3 and V43 are applied to common elec-
trode Y,. Correction voltages V.3 and V43 correspond
to voltages V, and V4 decreased by voltage A V3 for a
predetermined time period t;. Similarly, as seen in FIG.
84C, correction voltages Vg4 and Vg4 are applied to
common electrodes Y;'. Correction voltages V,4 and
V44 are larger than voltages V,and Vgby voltage |k Va4
which are added to the respective voltages for a prede-
termined time period ts.

The magnitudes of voltages of A V3 and A V4 and
time period t1 and t2 are set to the proper amounts in
accordance with experiment or predetermined values in
accordance with the above example. To correct the
selected voltage applied to common electrodes Y and
Y,', at least one of the voltage magnitudes or time per-
iod of the voltage application is varied so that the cor-
rection will be less than that when applying the correc-
tion voltages to common electrodes Yi', Y, In one
embodiment, if only the time period is varied with the
voltage value left constant for each of the common
electrodes, then values of a selected voltage applied to
all the common electrodes may be selected as one of V,
and Vg, Vg3, Vg3, or Vg, Va4, minimizing the require-
ment for voitage setting circuits and the like.

Reference is now made to FIGS. 85A-85C in which
a voltage waveform applied to each common electrode
in accordance with a third embodiment of the invention
is provided. A selected voltage V 1 similar to that of the
voltage waveform shown in FIG. 83B is applied to
common electrode Y,. A selected voltage V43 similar to
that of F1G. 83C is applied to common electrode Y.
Then, a step selected voltage formed as a combination
of the two voltage levels Vg1 and Vo is applied to com-
mon electrodes Y through Y,_jand Y,  through Y, as
shown in FIG. 85A. When a selected voltage applied to
common electrodes Y1 and Y, 1s also corrected, a se-
lected voltage having a voltage Vg over a time period
t3 shown in FIG. 85A will be applied to common elec-
trode Y; and a selected voltage Vg will be applied to
common electrode Y,' over time period t3. Thus, the
level of selected voltage applied to all common elec-
trodes can be accomplished with voltage pairs Vg1 and
V41 and Vg and V.

Correction of the selected voltages in each embodi-
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iluminated display dots on common electrodes Y, and
Y’ and the other display dots of display pattern. With a
charge quantity discharge when the common electrode
Y » finishes being selected represented as Q, the number
of display dots on the common electrode Y, represented
as K, the number of illuminated dots indicated as Mo,
the number of non-illuminated dots represented as
MorF, capacitance of the liquid crystal of the illumi-
nated dot represented as Con, and a capacitance of the
liquid crystal of the non-illuminated dot as Corr the
discharge quantity may be represented as:

QO =nVConMony+ (n—2)VCorrMorr
=nVConMoN + (n — 2) VCorr (K — MonN)
={nVCon—~(n—2)VCorrt Mon + (n — 2) YV Corr K

Accordingly, if
a=nV Con—(n—2) ¥V Corr

b=(n-2) V CorrK
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then:
Q=a Mon+b

Therefore, the greater the number of illuminated
display dots on a common electrode, the larger the
charge quantity Q which is discharged. Therefore, a
voltage to be applied to common electrode Y, will be
correspondingly lower or the correction in the reducing
direction will be increased. Similarly, a charge quantity
Q' absorbed when common electrode Y’ is selected 1s
expressed as:

Q' =a MoN-+b

The greater the number of illuminated dots on com-
mon electrode Yy', the larger the charge quantity Q’
absorbed becomes. Therefore, the voltage to be applied
to common electrode Y’ will be correspondingly in-
creased or a positive correction will be increased. The
above equations and methods are also applicable when
a selected voltage is to be applied to common electrodes
Y;and Y,  is to be corrected.

It is preferable that not only the selected voltage
applied to common electrode Yyand Yyand Yi'and Y,
be corrected with a corrective voltage in accordance
with the number of display dots which are illuminated,
but also that the selected voltage applied to all the com-
mon electrocdes be changed in accordance with the
number of display dots which are lit. When the selec-
tion shifts from a common electrode Y;to the next com-
mon electrode Y;. 1, a charge quantity Q;discharged by
display dot on common electrode Y1 and a charge quan-
tity Q;. 1 absorbed by a display dot common electrode
Y can be represented as follows:

Qi—aXNon+b
Oi+t1—axXMon+b

where the number of illuminated display dots on com-
mon electrode Y is represented by Nonand the number
of non-illuminated dots by Norr, the number of illumi-
nated dots on common electrode Y1 11 represented by
Mon and the number of non-illuminated dots by Nogr.
As 1n the above case,

‘ Q=Qi—Qi+1=a(Non—Mon).

If A Qis greater than 0, the charge quantity absorbed by
the display dot of common electrode Y, 1 1s less than
the charge quantity discharged by the display dot on
common electrode Y;. Therefore, it becomes difficult to
discharge the display dot charge on common electrode
Y; resulting in over charging of common electrode
Y;+1. This results in the effective voltage of the dis-
played dots on common electrodes Y;and Y; 1 becom-
ing higher, increasing the display density of the illumi-
nated display dot. If on the other hand, § Q is less then
0, the display dot charged on common electrode Y; is
excessively discharged and the display dot and the com-
mon electrode Y;y1 is undercharged. The effective
voltage of the display dot on common electrodes Y;and
Y. 1 becomes low decreasing the display density of the
illuminated dot. |

The degree of display density unevenness 1s depen-
dent on charge quantity when the common electrode
being selected shifts from one to the other. The quantity

A Q is represented as:
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A 0=a(Non—Mon).
In this driving method,
| Non—Mon|=K; 0=Non. Mon=K
As demonstrated above, the first value of Q is
O=a Mo,§+b |

This occurs where Non is 0. Therefore, |Mon| =K.
Therefore, the influence of Noy for the first value of Q
will at most be K. Additionally, the influence of A Q
which is roughly equivalent to Noxy—Mon will also at
most be K. Therefore, both relationships may be consid-
ered to have an effect of relatively the same degree.
Accordingly, a better display is obtained by changing
the correction voltage in accordance with the number
of display dots as well as from changing the selective
voltage to be applied to all common electrodes includ-
ing Yiand Yyand Yy and Y,' in accordance with the
magnitude of Nony—Mon. When the common elec-
trode being selected shifts from common electrode Y;to
common electrode Y;4 1 the value Noy—Mogyn is ap-
plied to common electrode Y;in the next frame. How-
ever, if this becomes difficult, then almost the same
effect may be obtained by correcting common electrode
Y;+1 and omitting the correction to common electrode
Y.

The driving method of the present invention corrects
a selective voltage to be applied to a common electrode.
However, an illuminating voltage to be applied to the
segment electrode may also be corrected, or both the
selective voltage and illuminating voltage may be cor-
rected. Then, a non-selective voltage and a non-
1lluminating voltage can be corrected as occasion de-
mands.

By applying a voltage to the common electrodes
positioned at opposite end portions of each segment
electrode which is different from the voltage applied to
the display dots on the common electrodes positioned at
intermediate portions of each segment electrode and
changing the voltage to be applied to the display dot in
accordance with a degree of density unevenness arising
on a display dot on the common electrode positioned at
an end portion of the segment electrode, the density
unevenness can be removed obtaining a clear and ob-
servable display.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in carrying out the above method
without departing from the spirit and scope of the in-
vention, it is intended that all matter contained in the
above description shall be interpreted as illustrative and
not in a limiting sense.

1t is also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described and all state-
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language, might be said to fall therebetween.

What is claimed is:

1. A method for driving a liquid crystal display to
display an image on said liquid crystal display, said
liquid crystal display having at least two independent
groups of common electrodes arrayed in order and at
least two independent groups of segment electrodes
arrayed in order, each segment electrode having a first
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end and a second end, a respective group of said com-
mon electrodes intersecting with a respective group of
segment electrodes, display dots being formable at the
intersection of each said common electrode with each
said segment electrode comprising the steps of:
sequentially scanning said common electrodes of said
first group of common electrodes by a scanning
voltage in order, while simultaneously sequentially
scanning said common electrodes of said at least
second group of common electrodes by a scanning
voltage in order;
applying a selection voltage to selected of said seg-
ment electrodes causing illumination of selected
display dots at the intersection of a segment elec-
trode and common electrode at which the voltage
between said intersecting segment and common
electrode is above a predetermined threshold, and

superimposing a correction voltage in accordance
with said displayed image to at least one of the
scanning and selection voltages applied to the com-
mon and segment electrodes defining illuminated
display dots located on at least one common elec-
trode positioned at an end portion of each segment
electrode of one group of said at least two groups
of common electrodes, so that the total voltage
applied between said at least one common elec-
trode positioned at said end portion of said segment
electrode of said one group of said common elec-
trodes and the selected intersecting segment elec-
trodes at the location of illuminated display dots is
different from the voltage applied between the
common electrodes not positioned at an end por-
tion of each segment electrode of said one group of
said at least two groups of common electrodes and
the selected intersecting segment electrodes at the
location of illuminated display dots.

2. The method of claim 1, wherein said correction
voltage 1s selected to increase the total voltage applied
between said at least one common electrode which
intersects said first ed portion of said segment electrodes
of at least said one group of said at least two groups of
common electrodes and said segment electrodes of said
one group.

3. The method of claim 2, wherein said correction
voltage applied to said electrodes is increased in accor-
dance with a number of display dots which is illumi-
nated.

4. The method of claim 2, wherein the correction
voltage applied to said electrodes is applied over a pre-
determined time period and further comprising the step
of altering said time period.

5. The method of claim 1, wherein said correction
voltage 1s selected to decrease the total voltage applied
between said at least one common electrode which
intersects said first end portion of said segment elec-
trodes of at least said one group of said at least two
groups of common electrodes and said segment elec-
trodes of said one group.

6. The method of claim §, wherein the correction
voltage applied to said electrodes is applied over a pre-
determined time period and further comprising the step
of altering said time period.

7. The method of claim §, wherein the correction
voltage applied to said electrodes is decreased in accor-
dance with a number of display dots which are illumi-

nated.
% » % x -
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